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Studies  were  performed  to  determine  the  effects  of  septicemia  on  humoral 
components  of  liosl  defense  in  burned  patients.  Corversion  of  C3  by  inulin,  total 
liemolytic  complement  (CH50),  and  immunochemical  levels  of  Cl,  C4,  C2,  C3,  C5,  factor 
B,  C3b  in.itt i valor  (KAF),  and  properdin  were  measured  in  fifteen  patients  with 
si-veri'  Lliermal  in  jury  during  nine  weeks  posthurn.  Five  of  the  patients  had  one 
or  more  septic  t'pisodes  as  documented  by  positive  blood  cultures  and  clinical 
rindiiu'.s;  another  oatieut  iiad  one  positive  blood  culture*  which  was  (continued) 
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imassoc iatod  witli  fever  or  any  other  clinical  findings  associated  with  septi- 
cemia. A change  in  the  comp  1 emi-nt  profile  was  not  ohserved  in  this  patient 
ihirinp,  t lu‘  transient  hac  I ercniiia,  Iiowovft  consiiinpt  i on  ol  eoiiiponen  t s of  tin' 
classical  comp  Usnen t pathway  occurred  prior  to  and  during  I lie  septic  episodes 
in  the  otiu'r  infected  patients.  A 1 L ernat i vi'  pathway  activity  was  also  decica  cd 
in  the  burned  patients  during  septic  episodes,  liowever  the  data  indUaled  tliai 
this  pathway  was  inhibited  rather  than  activated.  In  one  patient,  consumption 
of  components  of  the  classical  complement  pathway  occurring  during  septicemia 
decreased  the  opsonic  capacity  of  the  patient's  sera  for  her  own  infecting 
microorganism,  an  isolate  of  E.  coil.  In  the  other  patients,  consumption  of 
classical  pathway  components  did  not  reduce  the  opsonic  capacity  of  the 
patients'  sera  for  their  infecting  microorganisms.  All  of  the  microorganisms 
isolated  from  tiio  burned  patients  were  not  susceptible  to  complement  mediated 
lysis  and  were  pliagocytosed  and  killed  intracellularly  by  human  leukocytes  only 
in  the  presence  of  human  serum.  The  only  exceptional  microorganisms  wore  the 
C.  albicans  strains  which  were  not  phagocytosed  and  killed  intracellularly  by 
leukocytes  oven  in  the  presence  of  high  concentrations  of  normal  human  serum. 

Data  from  the  nine  burned  patients  who  did  not  develop  septicemia  was  similar 
to  the  data  obtained  on  our  previously  studied  groups  of  non-septic  patients 
with  similar  burn  sizes.  Preliminary  evidence  was  provided  to  suggest  that 
reduction  in  C3  conversion  via  the  alternative  pathway  occurring  in  burned 
patients  during  the  tenth  to  60th  postburn  days  was  caused  by  an  elevation  of 
a normal  regulatory  protein  of  the  complement  system.  Inhibition  of  th(' 
alternative  pathway  in  the  burned  patients  caused  preferential  utilization 
of  the  classical  pathway,  a new  finding  of  considerable  biological  importance. 

' To  detennine  if  the  changes  in  complement  components  and  immunoglolMi  I ins 
which  were  observed  in  tlie  septic  and  non-septic  burned  patients  were  uniqiu- 
to  patients  with  burn  injury,  level"  of  components  of  the  alternative  and 
classical  complement  pathways  ant’  '•  'minogl  obul  i ns  were  measured  in  the  sera 
of  ton  patients  with  blunt  or  pr  . ng  abdominal  trauma  and  in  ten  septic 

patients  without  trauma,  Abnorma.i.  s of  both  the  alternative  and  classical 
complement  pathways  and  of  immunoglobulin  M were  demonstrated  in  the  trauma 
patients.  No  reduction  in  classical  or  alternative  pathway  activity  or  of 
immunoglobulin  levels  was  demonstrated  in  the  septic  medicrl  patients,  sug- 
gesting that  complement  consumption  in  the  septic  burned  patients  resulted 
from  synergism  between  the  infection  and  the  trauma. 

Experiments  were  also  performed  to  investigate  the  humoral  mechanisms  which 
arc  operative  against  gram-negative  aerobic  and  anaerobic  opportunist  micro- 
organisms which  cause  serious  infection  in  trauma  patients.  Intact  cells  of 
F, . c o 1 i 073,  wild-tvpc'  S.  minnesota,  and  cl'nical  isolates  of  P,  aeruginosa 
and  P.  mirabilis  were  found  to  bo  capable  of  efficiently  activating  the 
alternative  pathway.  Utilizing  washed  cells  of  cell  wall  mutants  of  S,  minne- 
sota, tlie  polysaccharide  portion  of  the  1 i popol ysaccharide  was  shown  to  bo 
responsible  for  alternative  pathway  activation,  whereas  the  lipid  A moiety  was 
responsible  for  activation  of  the  classical  pathway.  In  addition,  a require- 
ment for  immunoglobulin  and  components  of  the  alternative  complement  pathway 
was  demonstrated  for  opsonization  of  Bacteroides  fragilis  subspecies  fragilis 
and  l hetaiotaomicron. 
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Studies  were  performed  to  determine  the  effects  of  septicemia  on  humoral 
components  of  host  defense  in  burned  patients.  Conversion  of  C3  by  inulin, 
total  hemolytic  complement  (CH50),  and  immunochemical  levels  of  Cl, C4,C2,C3, 

C5,  factor  B,  C3b  inactivator  (KAF),  and  properdin  were  measured  in  fifteen 
patients  with  severe  thermal  injury  during  nine  weeks  postburn.  Five  of  the 
patients  had  one  or  more  septic  episodes  as  documented  by  positive  blood 
cultures  and  clinical  findings;  another  patient  had  one  positive  blood  culture 
which  was  unassociated  with  fever  or  any  other  clinical  findings  associated 
witli  septicemia.  A change  in  the  complement  profile  was  not  observed  in  this 
patient  during  the  transient  bacteremia,  however  consumption  of  components  of 
the  classical  complement  pathway  occurred  prior  to  and  during  the  septic 
episodes  in  the  other  infected  patients.  Alternative  pathway  activity  was 
also  decreased  in  the  burned  patients  during  septic  episodes,  however  the 
data  indicated  that  this  pathway  was  inhibited  rather  than  activated.  In  one 
patient,  consumption  of  components  of  the  classical  complement  pathway  occurring 
during  septicemia  decreased  the  opsonic  capacity  of  the  patient's  sera  for  her 
own  infecting  microorganism,  an  isolate  of  E.  coli.  In  the  other  patients, 
consumption  of  classical  pathway  components  did  not  reduce  the  opsonic  capacity 
of  the  patients'  sera  for  their  infecting  microorganisms.  All  of  the  micro- 
organisms isolated  from  the  burned  patients  were  not  susceptible  to  comple- 
ment mediated  lysis  and  were  phagocytosed  and  killed  intracellularly  by  human 
leukocytes  only  in  the  presence  of  human  serum.  The  only  exceptional  micro- 
organisms were  the  C.  albicans  strains  which  were  not  phagocytosed  and  killed 
intracellularly  by  leukocytes  even  in  the  presence  of  high  concentrations  of 
normal  liuman  scrum. 

Data  from  the  nine  burned  patients  who  did  not  develop  septicemia  was 
similar  to  the  data  obtained  on  our  previously  studied  groups  of  non-septic 
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patii-nts  with  similar  burn  sizes.  Preliminary  evidence  was  provided  to 
suggest  that  reduction  in  C3  conversion  via  the  alternative  pathway  occurring 
in  burned  patients  during  the  tenth  to  60th  postburn  days  was  caused  by  an 
elevation  of  a normal  regulatory  protein  of  tiie  complement  system.  Inhi- 
bition of  the  alternative  pathway  in  the  burned  patients  caused  preferential 
utilization  of  the  classical  pathway,  a new  finding  of  considerable  biological 
importance . 

To  determine  if  the  changes  in  complement  components  and  immunoglobulins 
which  were  observed  in  the  septic  and  non-septlc  burned  patients  were  unique 
to  patients  with  burn  injury,  levels  of  components  of  the  alternative  and 
classical  complement  pathways  and  of  immunoglobulins  were  measured  in  the 
sera  of  ten  patients  with  blunt  or  penetrating  abdominal  trauma  and  in  ten 
septic  patients  without  trauma.  Abnormalities  of  both  the  alternative  and 
classical  complement  pathways  and  of  immunoglobulin  M were  demonstrated  in 
the  trauma  patients.  No  reduction  in  classical  or  alternative  pathway  activity 
or  of  immunoglobulin  levels  was  demonstrated  in  the  septic  medical  patients, 
suggesting  that  complement  consumption  in  the  septic  burned  patients  resulted 
from  synergism  between  the  infection  and  the  trauma. 

Experiments  were  also  performed  to  investigate  the  humoral  mechanisms 
which  are  operative  against  gram-negative  aerobic  and  anaerobic  opportunist 
microorganisms  which  cause  serious  infection  in  trauma  patients.  Intact  cells 
of  E.  coll  075,  wild-type  S.  minnesota,  and  clinical  isolates  of  P.  aeruginosa 
and  P.  inirahtlis  were  found  to  be  capable  of  efficiently  activating  the 
a 1 Li-rnnt i VO  pathway.  Utilizing  washed  cells  of  cell  wall  mutants  of  S.  minne- 
st)ta,  ilu'  polysaccharide  portion  of  the  1 i popol vsacchar ide  was  shown  to  be 
responsible  lor  alternative  pathway  activation,  whereas  the  lipid  A moiety 
was  responsible  lor  attivation  of  the  classical  pathway.  In  addition,  a 
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requirement  for  immunoglobulin  and  components  of  the  alternative  complement 
pathway  was  demonstrated  for  opsonization  of  Bacteroides  fragilis  subspecies 
fragilis  and  thetaiotaomicron. 
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by  purified  factor  B 


I.  INTRODUCTION 

A primary  cause  of  morbidity  and  mortality  in  military  personnel  who  have 
sustained  burns,  gunshot  and  higli  explosive  wounds,  or  crush  injuries  is 
microbial  infection  (1,2).  Tlie  widespread  prophylactic  use  of  antibiotics  has 
not  only  failed  to  decrease  the  incidence  of  infection,  particularly  in  tlie 
burned  patient,  but  has  also  contributed  to  the  complexity  of  the  problem 
through  the  development  of  infections  caused  by  antibiotic  resistant  micro- 
organisms. Pseudomonas  aeruginosa.  Proteus.  Escherichia  coli.  Staphylococcus 
aureus,  Klebsiella  pneumoniae,  and  Candida  albicans  are  the  microorganisms 
which  are  most  frequently  associated  with  septic  complications  in  the  thermally 
injured  patient,  and  Bac teroides  f ragi lis  has  assumed  a major  role  in  the 
etiology  of  peritonitis  caused  by  penetrating  abdominal  injury.  The  increased 
incidence  of  recovery  of  penicillin  resistant  and  more  recently,  clindamycin 
resistant  strains  of  B,  fragilis  (3)  suggests  that  these  microorganisms  may 
become  one  of  the  major  infectious  problems  of  the  future. 

Management  of  surgical  infections  has  classically  involved  antibiotic 
therapy  and  the  meticulous  care  of  the  surgical  wound.  However,  in  addition  to  those 
therapeutic  modalities,  attention  has  recently  been  focused  upon  defining  immuno- 
logical abnormalities  of  the  host  which  may  predispose  him  to  microbial  in‘'ection. 
Studies  of  alterations  of  host  defense  mechanisms  in  surgical  patients  have  pre- 
dominantly been  carried  out  in  patients  with  severe  thermal  injury.  The  data  ob- 
tained from  these  investigations  have  provided  evidence  to  suggest  that  neutrophil 
an t i -s taphy I ococca 1 activity  (4),  phagocytic  function  of  the  reticuloendothelial 
sysLi'in  (')),  cell-mediated  immunity  (6),  serum  opsonins  (7-9),  levels  of  immuno- 
,globu!iiis  (10-14),  and  classical  (9,15)  and  alternative  (8,9)  complement  components 
are  reduced  following  biiri'.  trauma. 


The  investigation  described  in  this  report  was  undertaken  to  determine  the 


cause  and  significance  of  alterations  of  complement  and  i r.imimog  i obti  I i ns  in 
burned  patients.  Studies  wi-re  initiated  to  determine  if  tlie  Immoral  abnoi-- 
maiities  observed  in  tlie  burned  patients  were  unitpie  to  ()atieuts  with  burn 
trauma  or  were  also  observed  in  patients  with  other  types  of  trauma  or  in 
septic  patients  without  trauma.  In  addition,  experiments  were  conducted  to 
define  the  role  of  antibodies  and  complement  in  host  defense  against  £.  aeru - 
glnosa,  E.  coll,  and  B.  fragi lis. 
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II.  BACKGROUND 


A.  Changes  in  Humoral  Components  of  llosl:  Defense  Following 
Burn  Injury 

In  our  previous  studies,  the  competence  of  the  alternative  and 
classical  pathways  ol  complement  activation  was  studied  in  patients 
following  burn  injury,  and  abnormalities  of  both  pathways  were  demonstrated. 

The  protein  interactions  involved  in  classical  complement  pathway  activation 
have  been  defined  and  are  widely  accepted  (16),  However,  the  proteins 
required  for  alternative  pathway  activation  are  poorly  understood  and 
continue  to  be  actively  investigated.  The  most  recent  evidence  suggests  that 
tlie  initial  stage  in  the  conversion  of  C3  by  zymosan  or  inulin  requires  native 
CJ,  factor  B,  factor  D,  and  initiating  factor,  a newly  discovered  p globulin 
wliich  reacts  immunochemically  with  C3  nephritic  factor  (17,18).  C3b,  which 
is  generated  during  C3  conversion,  initiates  a positive  feedback  mechanism 
by  modulating  the  conformation  of  factor  B so  that  this  molecule  can  be 
activated  by  factor  D (19-21).  Properdin,  which  was  originally  postulated  to 
be  required  for  formation  of  the  initial  C3  convertase  (19,22,23),  has  recently 
been  shown  to  stabilize  the  enzyme  C3b,  B which  is  formed  by  the  feedback 
mechanism  (18,24).  Both  C3b, B and  stabilized  C3b,  P,  B serve  as  C3  and  C5  conver- 
tases,  suggesting  that  properdin  functions  as  a modulator  of  an  already  assem- 
bled enzyme.  The  C3  and  C5  convertase  functions  of  C3b,  P,  B are  inhibited  by 
fluid  phase  C3b  which  causes  dissociation  of  factor  B.  The  resultant  C3b, P 
enzyme  can  then  be  dissociated  by  KAF  which  cleaves  C3b, P to  C3cP  and  C3d. 

Tlic  question  of  the  role  of  immunoglobulins  in  activation  of  the 
alternative  pathway  is  unanswered.  Available  evidence  indicates  that  activation 
by  inulin  or  zymosan  may  occur  in  the  absence  of  Immunoglobulins  (18).  On  the 
other  hand,  antibody  of  the  IgG  class  has  been  shown  to  participate  in  lysis 
of  measles  virus-infected  cells  (25)  and  in  opsonization  of  P.  aeruginosa  (26,27) 
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reaction  sequence  of  tlie  alternative  pathway  utilizing  zymosan  or  inulin  as 


the  activating  svibstance  is  represented  in  Figure  1. 

Tile  changes  in  the  alternative  jjathway  of  complement  activation 
which  were  shown  to  occur  following  burn  injury  are  as  follows;  a)  properdin 
was  reduced  in  tlie  burn  sera  during  the  first  30  days  postburn;  b)  the  C3 
converting  activity  of  tlie  sera  by  inulin  was  reduced  after  the  first  10  days 
postburn  and  was  normalized  by  the  seventh  week;  and  c)  levels  of  native  C3, 

KAF,  and  factor  B were  frequently  increased  during  6 to  8 weeks  postburn.  In 
several  of  our  patients,  C3  conversion  was  also  reduced  during  the  initial 
postburn  period.  Reduction  in  the  C3  converting  activity  and  properdin  concen- 
tration was  not  found  to  be  related  to  age  and  correlated  with  increasing  burn 
size;  however,  no  correlation  between  the  two  abnormalities  was  demonstrated. 

The  finding  tiiat  C3,  KAF,  and  factor  B were  elevated  in  the  burn  sera  suggests 
that  these  components  are  probably  acute  phase  reactants  in  the  thermally 
injured  patient.  Patients  with  the  smallest  burn  sizes  had  the  most  striking 
increase  in  the  levels  of  C3,  KAF,  and  factor  B,  probably  because  they  were 
not  losing  as  much  protein  through  their  burn  wounds  as  the  patients  with  the 
larger  burns. 

Reduction  in  the  C3  converting  activity  of  the  burn  sera  appeared  to 
be  related  to  the  presence  of  an  inhibitor,  since  it  could  not  be  fully  corrected 
by  addition  of  normal  human  serum.  However,  it  is  necessary  to  demonstrate 
that  addition  of  a purified  factor  from  burn  serum  reduces  C3  conversion  in 
normal  scrum  before  any  conclusions  regarding  the  nature  of  the  reduction  in  C3 
conversion  can  be  drawn.  The  significance  of  the  reduction  in  properdin  following 
burn  injury  is  difficult  to  evaluate  since  properdin  has  recently  been  shown  to 
play  an  ancillary  role  in  the  formation  of  C3  and  C5  alternative  pathway  conver- 
tases  (18, 24)  . 
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A decrease  in  serum  IgG  was  also  observed  in  the  burn  patients  during 
tlie  early  postlnirn  periotl  witli  children  under  the  age  ol  4 showing  the  most 
severe  and  prolonged  deficiency,  lasting  up  to  JO  days  postburn.  In  both 
young  and  older  burn  patients,  levels  of  IgA  were  only  reduced  during  the 
first  5 days  postlnirn.  In  all  patients,  levels  of  IgM  were  reduced  during  the 
entire  40-day  postburn  period.  Our  results  confirm  those  of  other  investigators 
who  have  determined  immunoglobulin  patterns  following  burn  trauma  (10-14), 
although  a more  prolonged  decrease  in  IgM  level  was  demonstrated  in  our  study. 

Tlie  absence  cif  a significant  difference  in  immunoglobulin  levels  in  patients 
with  large  and  small  burns  and  the  marked  depression  in  IgM  level  indicate 
that  exudative  loss  of  protein  from  the  burn  surface  is  probably  only  partially 
responsible  for  the  observed  abnormalities. 

No  differences  in  the  occurrence  of  abnormalities  of  immunoglobulins 
or  complement  were  noted  in  patients  with  burns  caused  by  flame,  immersion 
scald,  or  contact  with  sulfuric  acid.  However,  in  the  patient  with  acid  burns, 
the  onset  of  reduction  iti  C3  conversion  occurred  during  the  third  to  fourth 
postburn  week  rather  than  during  the  second  week.  In  addition,  the  concentration 
of  properdin  in  this  patient's  serum  was  not  restored  to  normal  during  the  entire 
study  period  of  60  days  postburn.  The  difference  in  the  temporal  sequence  of 
these  abnormalities  in  relation  to  burns  caused  by  flame  or  immersion  scald  may 
be  related  to  the  type  of  burn  injury.  Sulfuric  acid  does  not  burn  tissue  by 
hyperthennic  activity;  rather,  it  coagulates  protein  by  desiccation  (29). 

A cause  and  effect  relationship  could  not  be  established  between  any 
ol  till'  observed  abnormalities  of  immunoglobulins  or  complement  and  the  develop- 
ment of  septicemia,  since  only  two  of  the  study  patients  became  septic.  However, 
preliminary  evidence  indicated  tliat  consumption  of  components  of  the  classical 
and  alternative  complement  pathways  was  associated  with  and  was.  possibly  caused 
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by  infection.  Reduction  in  the  classical  complement  patliway  occurred  during 
the  first  10  days  postburn  in  an  infant  who  developed  septicemia  with  S.  aureus 
on  the  tliird  postburn  day,  which  persisted  tlirougli  tiie  sixtii  day.  Reduction 
in  the  classical  and  alternative  pathways  of  complement  activation  was  also 
observed  in  a 39-year-old  female  who  tiad  multiple  episodes  of  Pseudomonas 
septicemia  and  candidemia  during  her  clinical  course  and  who  died  of  septic 
shock.  Fearon  et  al.  Iiave  demonstrated  reduction  in  components  of  the  classical 
and  alternative  complement  pathways  in  a series  of  medical  patients  with  gram- 
negative bacteremia  associated  with  shock,  and  have  suggested  that  biologically 
active  products  released  during  activation  of  C3  through  C9  by  the  bacteria 
contributed  to  development  of  shock  (30). 

Abnormalities  of  immunoglobulins  and  of  the  alternative  complement 
pathway  were  observed  in  burned  patients  with  and  without  septicemia.  However, 
reduction  in  the  classical  pathway  of  complement  activation  was  only  observed 
in  the  burned  patients  during  septicemia.  Fjellstrom  and  Arturson  previously 
demonstrated  reduction  in  Cl,  C4,  C2,  and  C3  in  severely  burned  patients  and 
suggested  that  infection  might  be  a possible  cause  for  this  complement  defici- 
ency (15).  A study  of  the  specific  components  of  the  classical  pathway  which 
are  activated  in  burned  patients  during  septicemia  will  be  a subject  of  this 
investigation . 

Ttie  classical  complement  pathway  was  shown  to  be  utilized  preferentially 
during  opsonization  of  E.  coli  075.  In  the  presence  of  an  intact  alternative 
pathway  C3  convertasc,  reduction  in  the  opsonic  activity  of  the  burn  sera  for 
ji.  col i 075  was  only  observed  when  total  hemolytic  complement  was  also  reduced. 
However,  .Tasin  previously  demonstrated  that  in  agammaglobulinemia  serum  depleted 
of  Clq,  factor  B of  tlie  alternative  complement  pathway  was  required  for  opsoni- 
zation of  this  microorganism  (31).  Several  explanations  for  these  contradictory 
observations  arc  as  follows:  a)  If  properdin  were  required  for  oosonization  of 
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E.  CO  1 i 075,  tlion  reduction  in  tlio  properdin  level  of  tlie  tnirn  sera  iniplii  divert 
activation  from  the  alternative  to  the  classical  complement  patliway.  In  tills 
regard,  wo  liave  sliown  that  normal  human  serum  depleted  of  properdin  supports 
normal  opsonization  of  E,  col i 075,  suggesting  either  that  properdin  is  not 
required  for  opsonization  or  that,  in  tlie  absence  of  properdin,  the  classical 
complement  pathway  is  utilized.  b)  The  classical  complement  pathway  may  be 
activated  in  the  burned  patients  during  opsonization  of  E.  coli  075  because 
sufficient  antibodies  are  present  in  the  sera  which  react  with  the  microorganism 
and  activate  Cl.  These  antibodies  may  exist  naturally  in  human  sera  or  may  be 
produced  in  the  burned  patients  nonspecif ically  as  a result  of  the  administration 
of  P.  aeruginosa  vaccine.  All  of  the  study  patients  received  25  pg/kg  of  the 
vaccine  upon  admission,  4 and  8 days  thereafter,  and  then  at  weekly  intervals, 
c)  Only  in  tlie  complete  absence  of  immunoglobulin  is  the  alternative  pathway 
activated  by  E.  coli  075.  Studies  in  this  investigation  will  be  undertaken  to 
determine  if  coli  075  can  activate  the  alternative  pathway  in  normal  human 
serum  and  to  compare  heat-stabile  opsonizing  antibodies  in  normal  individuals 
and  in  vaccinated  and  nonvaccinated  burned  patients. 

One  of  our  most  Important  findings  was  that  multiple  abnormalities  of 
humoral  components  of  host  defense  were  demonstrated  in  patients  who  did  not 
develop  systemic  infection.  This  finding  emphasizes  the  importance  of  the 
clinical  management  of  the  patient  in  preventing  the  development  of  septic  compli- 
cations. If  the  patient  does  become  septic,  consumption  of  components  of  the 
classical  and/or  alternative  pathways  of  complement  activation  may  be  an  impor- 
tant mechanism  by  which  infection  is  perpetuated.  Of  considerable  importance  in 
this  investigation  will  be  to  address  the  question  of  whether  reduction  in  C3 
conversion  via  the  alternative  complement  pathway  may  also  compromise  host 
del  ense  by  reducini'  I he  opsonic  capacity  of  the  serum  for  a potential  infecting 
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organism  wiiicli  normally  utilizes  components  of  this  pathway  during  opsonization. 
Tliis  abnormality  occurs  during  the  time  when  the  burned  patient  is  the  most 
susceptible  to  infection,  suggesting  that  it  may  be  potentially  important  in 
predisposition  to  infection.  In  addition,  it  will  be  important  to  know  if 
changes  in  the  alternative  and  classical  complement  pathways  are  unique  to 
patients  with  burn  injury  or  are  also  observed  in  patients  with  other  types  of 
trauma  and  in  patients  with  septicemia  without  trauma.  Of  future  interest  will 
also  be  studies  concerning  the  mechanisms  by  which  abnormalities  of  the  humoral 
factors  occur  and  their  relationship  to  abnormalities  of  cellular  components  of 
host  defense. 

B.  Normal  Human  Serum  Opsonins  for  P.  aeruginosa  and  E.  coli 

In  the  studies  which  have  been  reported  in  the  literature  regarding 
participation  of  the  alternative  complement  pathway  in  opsonic  functions  required 
for  ^ vitro  phagocytosis  and  intracellular  killing  of  bacteria,  a requirement 
for  a specific  serum  protein  in  opsonization  was  demonstrated  by  its  ability  to 
restore  opsonic  activity  to  serum  depleted  of  Lliat  respective  protein.  Tliis 
approach  has  the  capability  of  determining  whetlier  or  not  a serum  protein  is 
required  for  phagocytosis  and  intracellular  killing  of  a bacterial  strain,  but 
is  limited  by  its  inability  to  determine  all  of  the  proteins  required  for  these 
events.  This  determination  can  only  be  made  by  adding  combinations  of  purified 
proteins  to  bacteria  and  determining  wliether  or  not  phagocytosis  and  intracell- 
ular killing  of  the  bacteria  by  leukocytes  will  occur;  this  is  the  experimental 
ipproacli  which  has  been  utilized  in  our  studies. 

I’ropordin  and  factor  B have  been  obtained  from  normal  human  serum  in 
partially  purified  torm.  By  alkaline  polyacrylamide  disc  gel  electrophoresis, 
both  protein  preparations  wore  found  to  be  only  contaminated  with  gamma  globulin. 
We  have  also  had  encouraging  preliminary  results  in  preparing  factor  D depleted 
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human  serum  for  the  functional  tostin>>  of  fractions  potentially  cont.iiniiiK 


factor  D,  A subject  of  this  investigation  will  be  tlie  purification  of  human 
factor  D. 

Normal  IgG  has  been  successfully  purified  by  ammonium  sulfate 
fractionation  and  chromatography  on  DEAE  cellulose.  After  a second  fraction- 
ation on  TEAE  cellulose  (Cellex  T),  further  purification  was  obtained.  By 
immunoe lec trophoretic  analysis  using  antiserum  to  whole  human  serum,  normal 
IgG  preparations  contained  a single  line  migrating  in  the  gamma  region. 

By  radial  inmiunodi  f fusion,  tlie  preparations  contained  no  IgM  or  properdin,  and 
only  trace  amounts  of  IgA. 

Tlie  opsonic  activities  for  E.  coli  075  and  P.  aeruginosa  of  the 
partially  purified  preparations  of  G3,  factor  B,  properdin,  and  normal  IgG 
have  been  tested.  Thus  far,  the  results  have  demonstrated  no  reduction  in 
bacterial  counts  by  normal  human  leukocytes  in  the  presence  of  physiological 
concentrations  of  the  proteins  when  tested  either  individually  or  in  combination. 
Tliese  findings  are  preliminary  and  only  begin  to  approach  the  complex  problem 
of  determining  which  components  of  the  alternative  pathway  participate  in 
opsonization  of  the  microorganisms  and  the  requirement  for  normal  IgG. 

C.  In  Vitro  Interaction  of  Bacteroides  fragllis  and  Fusobac terium 

Mortiferum  with  Human  Serum  and  Leukocytes 

Prior  to  our  study,  no  information  was  available  regarding  specific 
humoral  and  cellular  host  defense  mechanisms  against  gram-negative  anaerobic 
microorganisms.  Phagocytosis  and  killing  by  polymorphonuclear  leukocytes  (PMNS) 
has  been  shown  to  be  of  primary  importance  in  host  defense  against  extracellular 
and  facultative  aerobic  microorganisms.  Serum  bactericidal  activity  against 
gram-negative  aerobic  enteric  bacilli  is  also  well  recognized.  The  purpose  of 
our  study  was  to  determine  if  these  bactericidal  mechanisms  were  operative 
against  strains  of  B.  f ragi lis  and  F.  mortiferum  under  aerobic  or  anaerobic 
condi tions. 
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The  strains  of  B.  fraKtlis  subspecies  fragilis  and  thetaiotamic ron 
used  in  our  study  are  subspecies  which  are  common  clinical  isolates.  These 
microorganisms  were  not  found  to  be  susceptible  to  the  bactericidal  activity  of 
normal  human  serum,  nor  were  they  phagocytosed  and  killed  intracel lu lar ly 

by  peripheral  human  leukocytes  in  the  absence  of  serum  under  anaerobic  , 

conditions.  Both  strains  of  B,  fragilis  were,  however,  phagocytosed  and 

■t 

promptly  killed  intracellularly  by  leukocytes  in  the  presence  of  normal  j 

i 

serum.  These  findings  suggested  that  these  microorganisms  are  handled  by  | 

the  host  in  the  same  manner  as  most  of  the  opportunist  pathogens  such  as 

P.  aeruginosa  and  E.  coli . In  this  regard,  infections  caused  by  B.  fragilis 

have  been  seen  with  increased  frequency  in  the  compromised  host  (32, 33),  and 

the  invasiveness  of  B.  fragilis  probably  depends  to  a large  extent  on  the 

functional  integrity  of  the  host's  phagocytic  cells  and  serum  opsonins  as 

well  as  on  the  virulence  factors  of  this  microorganism. 

The  humoral  and  cellular  requirements  for  killing  the  strain  of 
F,  mortiferum  used  in  our  study  were  found  to  be  markedly  different  from 
the  requirements  for  killing  of  the  fragilis  isolates.  F.  mortiferum 
was  killed  directly  by  normal  human  serum  in  the  absence  of  leukocytes  and 
was  also  phagocytosed  and  rapidly  killed  intracellularly  by  leukocytes  alone 
or  by  leukocytes  and  serum.  These  observations  suggest  that  this  strain  of 
F.  mortiferum  is  probably  not  invasive  unless  the  host's  humoral  and  cellular 
functions  are  markedly  abnormal.  This  strain  of  F.  mortiferum  was  obtained  from 
the  American  Type  Culture  Collection  and  to  our  knowledge,  was  not  a clinical 
isolate. 

Our  observation  that  gram-negative  anaerobic  microorganisms  were 
killed  by  leukocytes  in  an  anaerobic  environment  supports  the  findings  of 
Mandcll  (34).  His  investigation  showed  that  a variety  of  aerobic  and  anaerobic 
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anaerobic  by  nitrogen  wasliout,  suggesting  that  mechanisms  other  than  those 
dependent  on  hydrogen  peroxide  may  be  important  in  intracellular  killing  by 
leukocytes.  The  finding  that  B.  f ragi 1 is  subspecies  fragilis  was  killed  to 
some  extent  by  leukocytes  in  the  absence  of  serum  in  the  aerobic  but  not 
anaerobic  environment  remains  to  be  explained  but  appears  to  be  dependent 
upon  an  ingestion  mechanism  which  occurs  independently  of  serum  opsonins. 

Gram-negative  non-sporu lating  anaerobic  microorganisms  constitute 
a major  proportion  of  the  normal  flora  of  the  human  mouth,  respiratory, 
genitourinary,  and  intestinal  tracts.  Infections  caused  by  these  microorgan- 
isms are  increasingly  being  recognized  as  major  problems  in  surgical  practice 
(35).  Gram-negative  anaerobes,  particularly  B.  fragi lis,  are  commonly 
isolated  in  cases  of  secondary  peritonitis  in  which  perforation  of  the  abdom- 
inal wall  and  intra-abdominal  viscus  permits  the  escape  of  the  microorganisms 
into  the  peritoneal  cavity,  adjacent  organs,  retroperitoneal  space,  and 
circulation.  Secondary  peritonitis  is  often  complicated  by  intra-abdominal 
abscesses  and  is  most  often  caused  by  gunshot  wounds  of  the  abdomen  or  by 
other  penetrating  abdominal  injury.  This  type  of  trauma  occurs  during  combat 
in  the  military  service  and  its  frequency  is  increasing  in  the  modern  civilian 
population.  Our  studies  have  provided  a foundation  for  future  studies  of  host 
aefense  mechanisms  against  the  microorganisms  which  are  so  commonly  associated 
with  this  type  of  injury  involving  contaminated  wounds. 

I 
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III.  i:xperimi:ntal  approach 


Studies  in  tliree  related  areas  of  research  were  proposed  for  tliis  renewal 
application.  Our  primary  area  of  researcii  continues  to  he  tl)e  evaluation  of 
changes  in  humoral  components  of  host  defense  following  burn  trauma.  This  area 
was  to  be  expanded  to  include  studies  of  tlie  effect  of  complement  consumption 
on  opsonic  function  in  septic  patients,  the  mechanism  and  significance  of  reduc- 
tion in  Cl  conversion  via  the  alternative  complement  pathway,  and  the  possible 
production  of  nonspecific  opsonizing  antibodies  following  administration  of 
P.  aeruginosa  vaccine.  The  two  additional  areas  to  be  pursued  were  to  deal 
with  changes  in  the  alternative  and  classical  complement  pathways  in  patients 
with  other  types  of  trauma  involving  contaminated  wounds  and  in  septic  patients 
without  trauma,  and  the  role  of  complement  and  antibodies  in  opsonization  of 
opportunist  microorganisms  which  frequently  cause  infection  in  trauma  patients. 

Ten  to  20  burned  patients  who  are  at  the  greatest  possible  risk  of 
infection  were  to  be  selected  for  the  complement  studies.  Sera  were  to  be 
collected  from  the  patients  one  time  per  week  for  6 to  8 weeks  postburn.  The 
alternative  and  classical  pathways  of  complement  activation  in  the  burn  sera 
were  to  be  assessed  by  measuring  the  levels  of  native  C3,  factor  B,  KAF,  proper- 
din, C3  conversion  by  inulin,  and  total  hemolytic  complement  (CH5Q) . Blood 
cultures  were  to  be  drawn  from  the  patients  concurrently  with  serum  samples  and 
microorganisms,  if  present  in  the  cultures,  were  to  be  isolated  and  identified. 
Septicemia  was  to  be  documented  in  the  burned  patients  by  positive  blood  cultures 
and  clinical  findings.  If  a patient  developed  septicemia,  blood  was  to  be  drawn 
one  or  two  additional  times  per  week  until  the  infection  cleared.  In  those 
[laticnt.s  in  which  reduction  in  total  hemolytic  complement  was  demonstrated  during 
septicemia,  the  concentration  of  Cl,  C4,  C2,  and  C5  was  to  be  measured  in  the 
sera  lo  determine  which  early-acting  classical  complement  components  were 
aclivated.  Tlic  hypothesis  (liat  microbial  infection  perpetuates  itself  in  the 
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burned  patient  by  caiisinj'  complement  consumption  whicli  reduces  the  opsonic 
capacity  of  the  scrum  for  the  infecting  microorganisms  was  to  be  tested 
directly.  The  ability  of  tlie  patient's  serum  to  promote  pliagocytosis  and 
killing  of  his  infecting  microorganism  by  normal  human  peripheral  leukocytes 
was  to  be  tested  prior  to  and  during  septicemia,  and,  if  possible,  after 
recovery.  If  more  than  one  microorganism  was  isolated  from  a septic  patient, 
each  microorganism  was  to  be  tested  separately  as  described  above. 

Tlie  frequency  with  which  septicemia  occurs  in  the  burned  patients 
while  the  C3  converting  activity  of  their  serum  by  inulin  is  reduced  was  also 
to  be  examined.  In  addition,  experiments  were  to  be  performed  to  further 
substantiate  that  this  complement  abnormality  was  caused  by  a circulating 
inhibitor.  Increasing  amounts  of  burn  sera  (10?o,  207„,  and  507.)  were  to  be 
added  to  507,  of  pooled  normal  human  serum,  and  C3  conversion  by  inulin  was  to 
be  measured.  The  burn  sera  to  be  used  in  these  experiments  were  to  be  obtained  from 
non-septic  patients.  Burn  sera  were  to  be  tested  at  times  when  C3  conversion  by 
inulin  was  reduced  and  also  when  it  was  normal.  Only  burn  sera  with  reduced 
C3  conversion  should  have  inhibited  C3  conversion  in  normal  serum.  If  the 
appropriate  burn  sera  reduced  C3  conversion  by  inulin  in  normal  serum,  then 
the  respective  burn  sera  were  to  be  fractionated  into  pseudoglobulin  and  euglobulin. 
The  pseudoglobulin  and  euglobulin  fractions  of  the  burn  sera  were  to  be  added  in 
increasing  concentrations  to  normal  human  serum,  and  C3  conversion  by  inulin  was 
to  be  measured  and  compared  to  C3  conversion  in  normal  serum  supplemented  with 
[iseudog 1 obu 1 in  or  euglobulin  fractionated  from  pooled  normal  human  serum.  If  a 
fraction  of  Inirn  serum  was  shown  to  inhibit  C3  conversion  in  normal  serum,  then 
preliminary  studies  were  to  be  initiated  to  isolate  the  inhibitor  by  ion  exchange 
• ind/or  molecular  sieve  column  chror.atography.  If  inhibition  of  C3  conversion 
I'ccurroil  using  an  tinfracl  ionated  burn  serum  but  not  ,/ith  its  pseudoglobulin  or 
t'uglolnilin  fractions,  then  both  fractions  of  tlie  burn  serum  were  to  be  added  to 
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normal  serum  and  C3  conversion  was  to  be  measured,  since  it  is  possible  that 


the  inhibitory  substance  mi>>lit  be  partitioned  into  both  Iractions. 

For  studies  to  determine  if  opsonizinj'  antibodies  for  E.  coli  075  were 
produced  following  administration  of  P.  aerut^inosa  vaccine,  antibody  titers  in 
the  sera  of  vaccinated  burned  patients  were  to  be  compared  to  the  antibody 
titers  in  the  sera  of  non-vaccinated  patients  and  normal  volunteers.  In  the 
past,  all  of  the  burned  patients  at  the  Cincinnati  General  Hospital  and  Shriners 
Burn  Institute  received  25  of  the  vaccine  upon  admission,  k :'?nd  8 days 

thereafter  and  then  at  weekly  intervals.  Recently,  the  policy  for  administration 
of  the  vaccine  lias  changed  and  only  patients  with  greater  than  407„  total  body 
surface  burns  arc  given  the  vaccine;  those  patients  with  smaller  burns  are  not 
eligible  to  receive  it.  We  were  to  select  patients  with  357o  to  607„  total  burn 
sizes  for  the  study  and  sera  from  four  vaccinated  and  four  non-vaccinated 
patients  wore  to  be  obtained  weekly  during  6 to  8 postburn  weeks.  Patients  who 
developed  septicemia  were  to  be  eliminated  from  the  study  groups.  The  titers 
of  heat-stable  opsonins  for  coli  075  in  the  sera  from  the  burned  patients 
and  five  normal  volunteers  were  to  be  measured.  If  heat-stable  opsonizing 
antibodies  were  demonstrated  in  the  sera  from  either  group  of  burned  patients  or 
from  the  normal  volunteers,  then  absorption  studies  were  to  be  performed  to 
determine  the  specificity  of  the  opsonizing  antibodies.  Tlie  titersof  heat- 
stable  opsonins  for  E.  col i 075  were  to  be  determined  in  several  of  t e burn 
,md/or  normal  sera  after  absorption  with  the  homologous  E.  coli  strain  and  with 
aeruginosa.  If  the  lieat -stable  opsonizing  activity  for  E.  coli  075  was 
removcnl  following  absorption  of  the  sera  with  the  E.  coli  and  P.  aeruginosa 
strains,  then  strains  of  S.  marcescens.  P.  mi rabi lis,  and  B,  f rag ills  were  to 
be  used  for  absorption  to  further  examine  the  specificity  of  the  antibodies. 

AmUlier  new  area  ol  research  which  was  planned  for  the  investigation  was 
a preliminary  sttidy  to  assess  the  alternativi-  and  classical  complement  pathways 
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in  patients  with  non-bnrn  traiima  and  in  septic  patients  witlinut  trauma.  Ten 
patients  with  sev(;re  t)lunt  or  penetrating  abdominal  trauma  and  five  to  ten 


septic  patients  without  diseases  associated  witii  complement  abnormalities  were 
to  be  studied.  Sera  wore  to  be  obtained  within  72  hours  following  the  injury 
from  the  trauma  patients.  The  concentrations  of  native  C3,  factor  B,  properdin 
and  KAF,  conversion  of  C3  by  inulin  and  total  hemolytic  complement  in  the  sera 
from  both  groups  of  patients  were  to  be  measured. 

Studies  to  define  which  components  of  alternative  complement  pathway 
participate  in  opsonization  of  E.  coli  075  and  the  clinical  isolate  of  P. 
aeruginosa  were  to  be  delayed  until  factor  D was  obtained  from  normal  human 
serum  in  purified  form  and  until  the  bacterial  strains  had  been  demonstrated 
to  activate  the  alternative  complement  pathway  in  normal  human  serum.  Two 
different  methods  were  to  be  used  to  purify  factor  D.  The  protein  prepara- 
tions were  to  be  compared  functionally  by  testing  their  ability  to  convert 
purified  C3  in  the  presence  of  purified  factor  B.  Additional  reasons  for 
purifying  human  factor  D and  for  preparing  antisera  to  this  protein  were  for 
the  future  measurement  of  this  critical  alternative  pathway  component  in  the 
sera  from  trauma  patients  and  for  perfoVming  restoration  experiments  described 
in  the  section  on  the  role  of  complement  and  antibody  in  opsonization  of  B. 
f ragi  1 i s . To  determine  if  the  strains  of  E.  coli  and  P.  aeruginosa  activated 
the  alternative  complement  pathway,  the  ability  of  washed  cells  to  convert  C3 
in  pooled  normal  liuman  serum  chelated  with  ethylene  glycol  tetra-acetic  acid 
(EGTA)  supplemented  with  MgCl2  was  to  be  tested.  Unlike  EDTA,  which  binds  both 
Ca"*^  and  Mg'*"^,  EGTA  has  been  shown  to  chelate  primarily  Ca"^,  which  has  not  been 
found  to  be  a required  cofactor  for  alternative  pathway  function.  Conversion 
of  C3  in  EGTA-treated  serum  supplemented  with  Mg"^  would  indicate  that  the 
bacti'rial  strain  could  activate  the  alternative  pathway.  The  strains  were  also 
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It)  l)c  li'SLccl  (or  I 111' i r .iliility  to  promoLi'  lysis  til  I n I a 1 li  i one  - 1 ri'.i  I »'<l  orvLliro- 


cylf's  in  the  prosoni-i'  o(  normal  human  serum,  anil  lo  lonsume  Ci  thrmu',li  (’h  in 
C4-ilef icient  guinea  pig  serum;  both  of  these  functions  are  also  mediated  by  the 
alternative  pathway. 

Extensive  experiments  were  to  be  performed  to  define  the  role  of  antibody 
and  complement  in  opsonization  of  B.  f ragi 11s  subspecies  thetaiotaomicron  and 
fragilis.  The  ability  of  normal  human  serum  depleted  of  complement  or  anti- 
body to  promote  phagocytosis  and  intracellular  killing  of  the  bacterial  strains 
hv  human  peripheral  leukocytes  was  to  be  tested  under  anaerobic  conditions  and 
compared  to  untreated  normal  serum.  In  attempting  to  assess  the  role  of  comple- 
! ment  in  opsonization,  standard  anticomplementary  procedures  (heating  at  56°C  for 

I 30  minutes)  was  to  be  used.  To  determine  if  antibody  was  required  for  opsoniza- 

tion of  t)ie  bacterial  strains,  normal  human  sera  absorbed  at  0°C  with  washed 
cells  of  the  homologous  or  heterologous  strain  of  B,  fragilis  were  to  be  tested 
for  their  opsonic  activity  against  both  strains.  This  approach  should  provide 
infomiation  regarding  the  specificity  of  human  antibodies  to  B.  fragilis . If 
a requirement  for  antibody  for  opsonization  of  the  bacterial  strains  was  demon- 
strated, then  antibody  depleted  serum  was  to  be  supplemented  with  normal  IgG 
prior  to  retesting. 

If  complement  was  shown  to  be  required  for  opsonization  of  the  bacterial 
strains,  then  studies  were  to  be  initiated  to  determine  the  mechanisms  of 
complement  activation  which  were  involved  and  to  determine  the  participation 

i 

I of  late-acting  complement  components.  For  these  experiments,  use  was  to  be 

! made  of  sera  from  animals  and  humans  with  known,  genetic  deficiencies  of 

I 

i complement  components  C4,  Ch  and  C8.  Comparison  of  the  opsonic  activities  of 

nonnal  and  deficient  sera  were  to  be  made.  The  ability  of  the  bacterial  strains 

1 ho  phagoevtosed  and  killed  in  the  presence  of  normal  human  sera  depleted  of 
. properdin,  lactor  B,  or  factor  D of  the  alternative  complement  pathway  was 
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also  to  bo  tested.  If  opsonic  activity  of  one  of  these  sera  was  found  to  bo 
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reduced  then  restoration  of  opsonic  activity  of  the  serum  was  to  be  attempted 
usinK  the  respective  partially  purified  protein. 


IV.  PROGRESS  REPORT 


A.  Changes  in  Humoral  Components  of  Host  Defense  in  Patients 
Following  Burn  Injury 

1 . Studios  to  cleteriiiino  the  association  between  changes  in 
scniin  factors  and  septicemia  in  burned  patients 
a.  Rest!  I ts 

In  the  previous  preliminary  studies  presented  in  our  Annual 
Summary  Report  (June,  1976),  reduction  in  the  immunochemical  levels  and 
I'uncLional  activities  of  components  of  the  classical  and  alternative  complement 
pathways  was  associated  with  septicemia  in  two  burned  patients  (9).  Reduction 
in  the  classical  complement  pathway  occurred  during  the  first  10  days  postburn 
in  an  infant  who  developed  septicemia  with  S.  aureus  on  the  third  postburn  day 
which  persisted  through  the  sixth  day.  Reduction  in  both  the  classical  and 
alternative  complement  pathways  was  also  observed  in  a 39  year  old  female  who 
had  multiple  episodes  of  Pseudomonas  septicemia  and  candidemia  during  her 
clinical  course  and  wlio  died  of  septic  shock.  The  present  investigation  was 
undertaken  to  determine  if  these  preliminary  data  could  be  substantiated  and  to 
determine  if  complement  consumption  reduced  the  opsonic  capacity  of  the  patient's 
serum  for  his  own  infecting  microorganism. 

Fifteen  patients  with  severe  thermal  injury  were  followed  for  up  to  9 weeks 
postburn.  Patients  who  appeared  to  be  at  the  greatest  possible  risk  of  infection 
because  of  burn  size  t)r  age  or  both  were  selected  for  the  study.  Serum  samples 
were  obtained  from  the  patients  as  soon  after  the  injury  as  possible  and  then  at 
weekly  intervals.  In  those  patients  who  developed  septicemia,  serum  samples 
were  also  obtained  two  additional  times  per  week  until  blood  cultures  became 
negative.  Rlood  cultures  wore  drawn  on  all  patients  at  least  one  time  per  week 
bv  ou  stall  and  additional  blood  cultures  were  drawn  at  the  discretion  of  the 
of  the  attending  physicians.  Tliis  procedure  was  adopted  for  the  purpose  of 
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dt)cument iug  negative  as  well  as  positive  cultures  obtained  on  the  patients. 

Septicemia  was  documented  by  clinical  findings  and  positive  blood  cultures. 

The  clinical  criteria  used  for  the  diagnosis  of  septicemia  were  (a)  chills  and 
fever,  (b)  tachycardia,  (c)  hypotension,  and  (d)  disorientation. 

Six  of  the  fifteen  patients  had  one  or  more  positive  blood  cultures  during 
tlieir  clinical  course.  Clinical  characteristics  of  this  group  of  patients 
including  information  regarding  blood  cultures  are  given  in  Table  1.  The  other 
nine  patients  had  negative  blood  cultures.  Clinical  characteristics  and 
grouping  of  these  burned  patients  are  shown  in  Table  2. 

In  all  three  groups  of  patients,  levels  of  native  C3,  KAF,  and  factor  B 
were  normal  or  elevated  for  the  entire  study  period  (Fig.  2).  Properdin  levels 
were  initially  reduced  in  all  groups.  Properdin  levels  remained  reduced  in 
patients  with  the  largest  burn  sizes  (group  A)  for  40  days  postburn  and  in 
patients  with  intermediate  burn  sizes  (group  B)  for  30  days  postburn.  In 
patients  with  the  smallest  burn  sizes  (group  C),  properdin  levels  were  normal- 
ized during  the  sixth  to  tenth  postburn  day  period.  Conversion  of  C3  by  inulin 
was  markedly  reduced  in  group  A patients  for  the  duration  of  the  study.  In 
group  B patients,  C3  conversion  by  inulin  was  normal  during  the  first  40  days 
postburn  and  then  was  subsequently  reduced.  In  group  C patients,  C3  conversion 
was  normal  for  the  entire  study  period.  Total  hemolytic  complement  (CH^q)  was 
normal  in  all  three  groups  for  the  duration  of  the  study. 

Ihe  first  patient  (Patient  I)  in  the  group  of  infected  patients  had  one 
positive  blood  culture  on  day  4 with  P.  mirabills  which  was  unassociated 
wi til  lever  or  any  other  clinical  findings  associated  with  septicemia.  A 
change  In  tlie  complement  profile  in  this  patient  was  not  associated  with  the 
tran.sient  bacteremia,  and  opsonic  activity  of  sera  from  this  patient  for  his 
infecting  strain  of  P,  mirahilis  was  normal  during  his  entire  clinical  course 
of  10  day.s  postbiirn  (Fig.  3).  C3  conversion  by  inulin  and  properdin  concentration 
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Table  1.  Clinical  Characteristics  oi'  the  Septic  Burned  Patients 
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Numbers  indicate  the  number  of  days  following  the 
injury  that  positive  or  negative  blood  cultures 
were  obtained. 
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Table  2.  Clinical  Characteristics  ol'  the  Non-Scptlc  Burned  PationLs 


Body 

Surface  Injured^ 

Average 

Burn 

Group 

Patient 

No. 

Age 

Sex^ 

Total 

% 

Third  Degree 
7o 

Ratio 

per 

Group 

1 

5 

M 

75 

70 

A 

2 

10 

M 

71 

66 

68/65 

3 

6 

F 

60 

60 

1 

5 

F 

54 

43 

B 

2 

42 

M 

55 

2 

52/20 

3 

9 

F 

49 

15 

1 

12 

F 

40 

11 

C 

2 

10 

M 

37 

16 

35/11 

3 


49 


M 


30 


6 


I 

V. 


% 

\ 

$ 


60 
50  h 
40 
30 
20  h 
10 
0 


I 


_i_i  . _ ± i j I 

1-5  M-20  5»-40 

6*10  21-50  41-50 


$ 


<»> 

% 

o 

* 


I 

% 


I 

I 


100 


1-5  11-20  31-40 

«-IO  21-30  41-50 


DAYS  POSTBURN 


FiK.  -■  IinTminochcmica  I levels  and  functional  activities  of  components  of  the 

classical  and  alternative  complement  pathways  in  the  sera  of  nine  non- 
septic  burned  patients.  The  average  burn  ratio  (total  burn  size  (%) / 
area  of  third  degree  burn  (%))  was  68/65  for  group  A,  52/20  for  group 
B,  and  35/11  for  groi'p  C.  Refer  to  Table  2 for  data  on  individual 
patients  in  each  group.  Tlie  solid  triangles  represent  mean  values  for 
group  A patients,  the  solid  circles  represent  mean  values  for  group  B 
patients,  the  solid  circles  represent  mean  values  for  group  B patients, 
and  the  crosses  represent  mean  values  for  group  C patients.  The  shaded 
areas  represent  the  variation  of  20  normal  sera  (mean  + 1 SD),  and  the 
vortical  bars  represent  the  standard  error  of  the  mean. 
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Fig.  ).  Immiinnchomi  cn  1 lovi'l.s  and  functional  activities  of  component.s  of  the 

classical  and  alternative  complement  pathways,  and  opsonization  of  the 
patient's  infecting  strain  of  P,  mirabilis  in  the  sera  from  Patient  I. 
Clinical  information  on  this  patient  is  given  in  Table  I. 
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were  reduced  in  tiiis  patient  during  the  entire  postburn  period;  levels  of 
factor  B and  KAF  were  normal  or  elevated.  Functional  activity  of  the 
classical  pathway  as  measured  by  total  hemolytic  complement  (CH50)  was  normal 
or  elevated,  altlu)ugh  the  level  of  Clq  in  the  patient's  sera  was  approximately 
507o  of  normal  for  the  entire  study  period. 

Patient  II  had  multiple  positive  blood  cultures  for  S.  aureus  during  the 
7th  to  20th  postburn  days  and  for  C.  albicans  on  the  30th  and  32nd  postburn 
days.  The  blood  culture  results  indicated  that  this  patient  was  culture 
negative  during  the  21st  through  the  29th  postburn  day  and  after  the  32nd  post- 
burn day.  Tliis  patient  was  febrile  with  temperatures  ranging  from  101°  to 
103^  during  the  entire  study  period  of  40  postburn  days,  but  had  no  other 
clinical  findings  associated  with  septicemia.  Reduction  in  the  classical 
complement  pathway  was  found  to  be  associated  with  the  septic  episodes  (Fig. 4). 
CII5Q  and  immunochemical  levels  of  Cl  and  C4  were  reduced  during  the  first  ten- 
day  postburn  period  and  during  the  31st  to  40th  postburn  period.  Reduction  in 
these  measurements  was  not,  however,  demonstrated  during  the  11th  to  20th  or 
21st  to  30th  postburn  day  periods,  although  the  patient  had  positive  cultures 
for  S.  aureus  on  the  11th  and  20th  postburn  days.  Reduction  in  C3  conversion 
by  iniilin  and  properdin  concentration  in  this  patient's  sera  could  not  be 
related  to  septicemia.  No  significant  reduction  in  opsonic  activity  of  the 
patient's  sera  for  his  inf('cting  strain  of  S.  aureus  was  demonstrated  during 
the  entire  study  period.  Tlie  ability  of  the  patient's  sera  to  opsonize  his 
infecting  strain  of  C.  albicans  was  unable  to  be  evaluated,  since  pooled 
normal  serum  at  a concentration  as  high  as  20Z  was  unable  to  promote  phagocy- 
tosis and  killing  of  this  microorganism  by  normal  leukocytes. 

Patient  III  had  multiple  positive  blood  cultures  for  S.  aureus  and 
S.  epitlormidis  during  the  Dth  to  27th  and  43rd  to  49th  postburn  day  periods. 
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■fliis  patient  a] so  had  nej^ative  blood  cultures  during  these  time  intervals. 

In  addition,  ncj>aLive  cultures  were  obtained  prior  to  llie  13lh,  during;  Lhe 
28th  to  43rd  postburn  days,  and  after  the  49th  postburn  day.  This  patient 
was  febrile  with  temperatures  ranging  from  100°  to  103°  during  the  entire 
study  period  and  had  a consistent  pulse  rate  of  140  to  IbO  during  this  time. 

Tlic  patient  had  no  documented  episodes  of  hypotension  or  disorientation. 
Reduction  in  CH^q,  levels  of  Cl,  C4,  C5,  and  to  a lesser  extent  levels  of 
C2  and  C3  was  demonstrated  during  the  first  25  postburn  days,  but  not  during 
the  second  septic  period  (43rd  to  49th  days)  (Fig. 5).  Alternative  pathway 
activation  followed  the  normal  pattern  which  lias  been  observed  in  a patient 
with  this  burn  size.  C3  conversion  was  reduced  after  the  6th  to  15th  postburn 
day  period,  the  level  of  properdin  was  reduced  and  levels  of  factor  B and  KAF 
were  normal  or  elevated  for  the  duration  of  the  study.  No  decrease  in  the 
ability  of  the  patient's  sera  to  opsonize  her  infecting  strains  of  S.  aureus 
was  demonstrated.  Reduction  in  the  opsonic  activity  of  the  patient's  sera 
for  her  infecting  strain  of  S.  epidermidis  was  only  demonstrated  during  the 
first  five  days  postburn. 

Patient  IV  was  admitted  to  the  Shriners  Burn  Institute  nine  days  following 
his  burn  injury  and  had  positive  blood  cultures  with  S.  aureus  during  the  9th 
to  I3tli  postburn  day  period.  Blood  cultures  were  negative  thereafter  until 
the  22nd  and  27th  postburn  days  when  blood  cultures  were  positive  for  C.  albi- 
cans and  S.  faecal  is  respectively.  Blood  cultures  were  negative  from  the  28th 
to  Lhe  31st  postburn  day  period  with  the  last  positive  culture  being  obtained 
on  the  34th  [lostburn  day  for  S.  aureus.  Ttie  patient  was  febrile  with  tempera- 
tures ranging  from  101*'  to  104"  for  the  entire  study  period.  No  other  clinical 
findings  associated  with  septicemia  were  observed  in  this  patient.  Consumption 
ol  components  of  the  classical  complement  pathway  was  observed  during  the  first 
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5.  Innmmochemica 1 levels  and  functional  activities  of  components  of 
tlic  classical  and  alternative  complement  pathways,  and  opsonization 
of  the  patient's  infecting  strain  of  S.  epidermidis  and  S.  aureus 
in  the  sera  from  Patient  III.  Clinical  information  on  this  patient 
is  t; ivon  in  T.il)lc  I. 
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■35  postburn  days  (Fig. 6).  levels  of  Cl,  C4,  C2,  and  C5  were  more 

markedly  decreased  initially  during  the  9th  to  15th  postburn  day  period; 
consumpt  it)n  was  not,  however,  extensive  enougli  to  decrease  the  C3  concentra- 
tion. Alternative  pathway  activation  followed  the  normal  pattern  which  has 
been  observed  for  a patient  with  this  burn  size  as  described  for  Patient  III. 

In  addition,  no  impressive  decrease  in  the  ability  of  the  patient's  sera  to 
opsonize  his  infecting  strain  of  S.  aureus  or  Streptococcus  faecalis  was 
demonstrated.  Tlie  opsonic  activity  of  the  patient's  sera  for  his  infecting 
str’in  of  C.  albicans  was  unable  to  be  evaluated,  since  pooled  normal  human 
serum  at  a concentration  as  high  as  20%  was  unable  to  promote  phagocytosis  and 
killing  of  this  microorganism  by  normal  leukocytes.  This  finding  is  identical 
to  the  resiilts  obtained  with  the  C.  albicans  strain  which  was  isolated  from 
Patient  II. 

Patient  V had  multiple  positive  blood  cultures  with  S.  aureus  during  the 
4th  to  11th  days  postburn  and  died  of  what  appeared  to  be  septic  shock  on  day 
12.  She  was  febrile  during  the  entire  study  period  with  temperatures  ranging 
from  101*’  to  102°,  became  disorientated  on  day  8 and  was  responsive  only  to 
deep  pain  by  day  12.  She  had  no  documented  episodes  of  tachycardia;  blood 
pressure  measurements  were  unable  to  be  performed  due  to  the  extent  of  the 
patient's  injury.  Consumption  of  the  classical  complement  pathways  was 
marked  during  the  entire  ten  day  postburn  period;  alternative  pathway  consump- 
tion was  observed  only  during  the  first  three  days  postburn  (Fig. 7).  C3 
conversion  bv  inulin,  CH^q,  levels  of  Cl,  C4,  C2,  C5  and  to  a lesser  extent  C3 
were  decreased  during  the  ten  day  period,  and  factor  B levels  were  decreased 
during  the  first  six  days  postburn.  No  marked  decrease  in  opsonic  activity  of 
the  patl«Mit's  serum  for  her  infecting  strain  of  S.  aureus  was  demonstrated 
during  the  entire  study  period. 
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IimninoclH'mical  levels  and  functional  activities  of  components  of 
the  classical  and  alternative  complement  pathways,  and  opsonization 
of  tlie  patient's  infecting  strain  of  S.  aiirens  in  the  sera  from 
Patient  V.  Clinical  infornation  on  tiii  . 1 . In 


Patient  VI  h;ul  multiple  ))()sitivi!  l)loocl  cultures  witli  S.  aureus  aiul 


K . coll  (luring  tlie  17th  to  21st  postlnirn  days  and  died  of  what  appeared  to 
be  septic  shock  on  day  27.  She  was  febrile  with  temperatures  ranging  from 
101''  to  102"  during  her  entire  clinical  course.  She  had  intermittent 
episodes  of  tachychardia  on  days  2,3,11,12,15,20,24  to  27.  She  was  hypoten- 
sive upon  admission  (day  2)  and  on  days  19,20,26,  and  27.  She  was  alert 
through  the  11th  postburn  day.  Classical  patl'.way  activation  was  markedly 
reduced  during  the  entire  study  period  of  25  postburn  days  (Fig. 8).  Func- 
tional iictivity  of  her  alternative  pathway  as  assessed  by  C3  conversion  by 
Lnulin  was  unusually  normal,  and  the  only  abnormality  which  was  noted  was 
decreased  KAF  levels.  Since  KAF  is  a regulatory  protein  of  the  classical  as 
well  as  the  alternative  complement  pathway,  this  protein  was  probably  consumed 
along  with  other  components  of  the  classical  pathway. 

Opsonization  of  the  patient's  infecting  strain  of  S.  aureus  by  the 
patient's  sera  was  not  substantially  affected  by  the  decreased  classical 
pathway  activity.  However,  the  ability  of  tlie  patient's  serum  to  opsonize 
lier  infecting  strain  of  E.  coli  was  markedly  reduced  during  the  first  five 
days  [)Ostbnrn  and  then  again  during  the  21st  to  25th  postburn  day  period. 

llie  types  and  amounts  of  blood  products  administered  to  the  septic 
patients  is  shown  in  Fig.  9.  A wide  variation  in  the  regimen  for  administra- 
ii'ii  of  blood  products  was  (joserved.  Patient.s  I,  II,  V,  and  VI  received  the 
le.ist  imount  of  blood  products;  patient  I only  received  packed  cells  during 
till'  lirst  five  days  postburn  and  then  no  blood  products  tliereafter.  Patients 
III  and  IV  received  from  500  to  3600  ml  of  whole  blood  and  from  400  to  3900 
ml  of  single  donor  plasma  per  ten  day  period, 
b.  Discuss i on 

Tlie  data  oreserUed  in  this  section  although  preliminary. 
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Fig.  Temporal  sequence  of  administration  of  blood  products  to  the 

burned  patients  wi  tli  positive  blood  cultures. 
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indicate  that  consumption  of  the  classical  complement  pathway  was  associated 
with  and  was  probably  caused  by  septicemia  in  thermally  injured  patients. 

In  three  of  five  burned  patients  (Patients  IV,  V,  and  VI),  decrease  in  the 
functional  activity  and  iiranunochemica 1 levels  of  components  of  the  classical 
complement  pathway  occurred  prior  to  and  during  septic  episodes.  Both  of 
the  other  two  patients  also  had  decreased  classical  pathway  activity  prior 
to  the  development  septicemia.  In  one  of  the  patients  (Patient  III),  class- 
ical pathway  activity  was  decreased  during  the  first  septic  epi.sode  (13th  to 
27th  postburn  days)  but  not  the  second  (43rd  to  49th  postburn  days).  In 
the  other  patient  (Patient  II),  classical  pathway  activity  was  decreased 
during  the  second  septic  period  (30th  to  32nd  postburn  days)  but  not  for  the 
duration  of  the  first  episode  (11th  to  20th  postburn  days).  The  results 
obtained  in  Patient  II  can  probably  be  attributed  to  the  administration  of 
blood  products,  since  this  patient  received  whole  blood  and  single  donor 
plasma  during  the  first  but  not  the  second  septic  episode.  Patient  III,  whose 
classical  pathway  activity  was  reduced  during  the  first  but  not  the  second 
septic  episode,  received  equivalent  amounts  of  single  donor  plasma  per  day 
during  the  two  time  intervals  but  twice  the  amount  of  whole  blood  per  day 
during  the  second  septic  episode.  However,  Patient  IV  showed  classical 
pathway  consumption  during  his  septic  episodes,  wlien  he  was  receiving  as  much 
wliole  blood  and  single  donor  plasma  as  Patient  III.  It  should  be  mentioned 
that,  the  lack  of  consistency  in  the  changes  in  complement  observed  in  these 
two  patients  might  be  related  to  differences  in  the  complement  levels  in  the 
blood  products  which  they  received.  We  have  measured  complement  levels  and 
activities  in  three  different  units  of  single  donor  plasma  and  found  them  to 
vary  markedly;  one  of  the  units  contained  237,  of  the  normal  amount  of  classical 
ind  alternative  patliway  activity. 


r 


One  of  Che  patients  (Patient  I)  in  our  study,  who  was  Imctereinic,  served 


as  an  excellent  control  for  determining  the  relationship  between  ctianges  in 
complement  and  septicemia.  No  changes  in  the  classical  or  alternative  comple- 
ment pathways  occurred  prior  to  or  on  the  day  that  t)iis  patient '.s  blood 
culture  was  positive.  An  early  reduction  in  classical  pathway  activity  was 
demonstrated  in  all  of  the  septic  patients  during  the  initial  postburn  period, 
suggesting  that  tliis  humoral  abnormality  niay  be  predictive  of  a septic  episode 
and  may  possibly  predispose  the  patient  to  infection.  Our  results  tend  to 
rule  out  the  possibility  that  the  intial  reduction  in  classical  pathway 
activation  occurring  during  the  first  week  postburn  results  from  infection, 
since  blood  cultures  were  consistently  negative  in  all  but  one  of  the  patients 
during  this  time. 

Tlie  classical  pathway  appeared  to  be  activated  preferentially  in  the 
burned  patients  during  septic  episodes.  Although  C3  conversion  by  Lnulln 
was  often  reduced  during  septic  episodes,  levels  of  factor  B were  generally 
normal  or  elevated.  Since  it  is  well  known  that  factor  B is  consumed  during 
alternative  pathway  activation,  the  results  suggest  that  C3  conversion  via 
the  alternative  pathway  was  reduced  in  the  burned  patients  due  to  inhibition 
rather  than  to  consumption  of  alternative  pathway  components.  Inhibition  of 
alternative  pathway  activation  would  provide  an  explanation  for  the  observed 
pro fe ren t i a 1 activation  of  the  classical  pathway.  Further  studies  regarding 
evidcTue  tor  presence  ol  a circulating  inhibitor  of  C3  conversion  via  the 
alternative  pathway  in  burned  patients  is  presented  in  the  next  section  of 
this  report.  Tills  topic  is  also  discussed  in  section  Cl  of  this  report 
dealing  with  preferential  utilization  of  the  classical  pathway  in  burn  sera 
during  ops(>nizat  ion  of  F.  coli  075. 

Tn  on  I V one  patient  did  consumption  of  components  of  the  classical 
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conipicnifnL  pathway  occurring  during  soptictMiiia  decrease  tlie  opsonic  capacity 
of  tli<>  [>atient's  sera  for  licr  own  infecting  microorganism,  an  isolate  of 
E . c o 1 i ; sera  from  tlie  same  patient  wliich  could  not  opsonize  E . co  1 i, 
opsonized  her  infecting  strain  of  S.  aureus  normally.  Tlie  microorganisms 
which  were  isolated  from  the  ottier  septic  burned  patients  and  used  to  test 
the  opsonic  capacity  of  the  patients'  sera  were  also,  with  one  exception, 
strains  of  Staphylococci.  Since  there  is  evidence  that  S.  aureus  can  be 
opsonized  liy  normal  IgG  in  the  absence  of  complement  (31,36),  the  lack  of 
demonstration  of  reduction  in  the  opsonic  capacity  of  the  patients'  sera  for 
their  infecting  strains  of  Staphylococci  might  be  related  to  the  lack  of 
reijuirement  for  complement  for  opsonization  of  the  strains.  It  will  be  very 
important  in  future  studios  to  determine  if  reduction  in  serum  opsonic 
activity  occurs  for  certain  bacteria  and  not  for  others  as  was  observed  in 
tills  group  of  septic  patients. 

It  should  be  emphasized  that  the  E.  coli  isolate  as  well  as  the  strains 
of  S taphy lococc i and  S.  faecalis  isolated  from  the  burned  patients  were  not 
susceptible  to  direct  lysis  by  pooled  normal  serum  in  the  absence  of  leuko- 
cytes or  to  phagocytosis  and  intracellular  killing  by  normal  leukocytes  in 
the  absence  of  serum.  In  addition,  the  concentration  of  serum  and  incubation 
periods  used  in  the  opsonic  assays  were  specific  for  each  infecting  microor- 
ganism. Concentrations  of  the  patients'  sera  were  based  on  the  minimal 
amount  of  pooled  normal  human  scrum  which  was  found  to  promote  maximal  intra- 
cellular killing  of  the  microorganism  by  normal  leukocytes  during  the  shortest 
i ncuha t i on  period . 

Anolhor  interesting  observation  which  was  derived  from  this  study  was 
that  strains  of  C.  albicans  isolated  from  the  burned  patients  were  not  phago- 
evtosed  and  killed  i n t race  1 lu lar ly  by  normal  leukocytes  in  the  presence  of 
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I'ivi-  Lu  Lcn  tinu's  iho  cunc on tra t i on  of  normal  luiman  senim  roquirod  for 
pliaKooytosi  s of  otlier  microorganisms.  Furtlior  studies  will  be  initiated 
to  iliaermine  if  the  C.  albicans  strains  isolated  from  (lie  burned  patients 
are  more  resistant  to  opsonization  by  normal  serum  than  strains  of  C. 
albicans  isolated  from  otlier  sources  and  to  determine  the  human  serum 
proteins  required  for  opsonization  of  the  C,  albicans  strains. 

Data  from  the  burn(>d  patients  who  did  not  develop  septicemia  was  grouped 
according  to  burn  size  to  enable  comparisons  to  be  made  between  the  present 
study  group  and  previously  studied  patients  (9).  Tlie  only  difference  which 
was  observed  in  the  data  from  the  groups  of  burned  patients  in  this  study 
and  our  previously  studied  groups  of  patients  with  similar  burn  sizes  was 
in  the  results  of  the  analyses  of  C3  conversion  by  inulin  in  patients  with 
the  largest  burn  sizes.  In  the  present  study,  C3  conversion  by  inulin  was 
markedly  reduced  initially  and  remained  reduced  for  the  duration  of  the 
study.  In  the  previous  study,  C3  conversion  was  not  reduced  until  after  the 
first  ten  days  postburn.  However,  in  our  original  work  demonstrating  reduc- 
tion in  C3  conversion  in  the  sera  of  patients  with  severe  thermal  injury, 

C3  conversion  in  the  sera  of  some  of  the  patients  was  reduced  during  the 
initial  ten  day  postburn  period  and  in  others  it  was  not  (8).  The  discrep- 
ancy in  tin*  C3  conversion  results  remains  to  be  explained,  however  it  does 


not  appear  to  he  related  to  burn  size. 


2.  Studios  to  dutcrmino  the  iiiechanisiii  oi'  reduction  in  C3 


convorsion  via  ttio  alternative  pathway  in  burned  patients 
a . Results 

Our  previous  studies  showed  that  conversion  of  C3  by  inulin 
in  sera  from  severely  burned  patients  was  reduced  after  the  first  10  days  post- 
burn and  was  normalized  by  the  seventh  week  (8,9).  The  occurrence  and  duration 
of  ttie  reduction  in  C3  conversion  were  found  to  be  directly  related  to  the 
severity  of  the  burn  injury.  Reduction  in  tlie  converting  activity  of  the  burn 
sera  could  not  be  fully  restored  to  normal  by  addition  of  50%  pooled  normal 
luiman  serum  (PNHS),  providing  preliminary  evidence  that  this  complement  abnor- 
mality was  caused  by  an  inliibitor.  The  present  investigation  was  undertaken  to 
tost  directly  tlie  hypothesis  that  reduction  in  C3  conversion  by  inulin  in  the 
burn  sera  was  caused  by  a circulating  inhibitor. 

C3  conversion  by  inulin  was  measured  during  6 to  8 weeks  postburn  in  the 
sera  of  seven  patients  with  burn  injuries  ranging  in  size  from  37%  to  92%. 
Pertinent  clinical  information  on  the  patients  is  given  in  Table  3.  In  all  of 
the  patients,  C3  conversion  was  reduced  after  the  tenth  postburn  day  (Fig.  10). 
With  the  exception  of  patient  3,  restoration  of  the  C3  converting  activity  in 
tlie  patients'  sera  occurred  during  the  5th  to  6th  week  postburn.  In  patient  3, 
C3  conversion  remained  reduced  during  59  postburn  days;  the  duration  of  the 
reduction  appeared  to  be  related  to  the  type  of  burn  injury. 

Increasing  amounts  of  burn  or  normal  sera  (10  ul,  20  ul,  and  50  ul)  were 
added  to  50  ii  1 of  PNHS.  'Ttie  volumes  were  adjusted  to  100  ul  with  saline,  and  C3 
conversion  liy  10  mg/ml  of  inulin  was  measured.  Addition  of  normal  sera  obtained 
from  individual  donors  to  PNHS  did  not  reduce  C3  conversion  by  inulin  (Fig. 11). 
Addition  of  normal  serum  depleted  of  complement  components  required  for  C3 
conversion  (PNHS  heated  at  56‘’C  for  30  minutes)  to  PNHS  resulted  in  a sliglit 
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Table  3. 

Clinical 

Cliaracteristics  of  Patients  with 

Burn  Injury 

Patient 

No. 

Age"' 

Sex*’ 

Cause  of 
Burn 

Body  Surface  Injured 

Total  Third  Degree  ! 

7o  7o  1 

1 

2 

F 

immersion  scald 

37 

30 

2 

2 

M 

flame 

45 

15 

3 

16 

F 

sulfuric  acid 
contac  t 

60 

50 

4 

21 

M 

flame 

73 

56 

5 

5 

M 

flame 

73 

70 

6 

59 

M 

flame 

45 

27 

7 

30 

M 

flame 

92 

0 

^ Patients  ranging  in  age  from  2 to  11  years  were  hospitalized  at 
the  Shriners  Burn  Institute  and  patients  over  15  years  of  age  were 
hospitalized  at  the  Cincinnati  General  Hospital. 

M = male;  F = female. 
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FL>;.  10.  C3  convor.sion  bv  inulin  in  llio  ..cim  i rom  pationts  1 to  7 dming 

60  days  postbnrn.  Tlic  numbers  following  each  lim;  correspond 
lo  patient  numbers.  The  shaded  area  represents  the  mean  + 2SD 
^ . on  i on  by  inulin  iti  16  luirmal  sera. 
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SERUM  ADDED  TO  PNHS  (%) 


Fig.  11.  C3  conversion  by  inulin  in  PNHS  supplemented  with  individual 
normal  control  sera  or  heated  PNHS  (56°C,  30  minutes).  C3 
conversion  by  inulin  in  the  unsupplemented  control  sera  was  as 
follows:  (1)  4bZ,  (2)  65Z,  (3)  54%,  (4)  49%,  (5)  0%.  The 


2 


reduction  in  CJ  conversion,  although  the  values  did  not  differ  significantly 
from  those  obtained  when  untreated  normal  sera  were  added  to  PNHS.  Tlie 


ce)mplement  depleted  control  was  included  for  the  purpose  of  showing  the  extent 
of  CJ  conversion  achieved  when  PNHS  and  a serum  deficient  in  complement 
cjinponents  were  added  together.  If  reduction  in  C3  conversion  by  inulin  in  a 
burn  serum  resulted  from  a deficiency  of  critical  proteins  required  for  C3 
convi  rsion,  then  values  of  approxim.ite  ly  487.  + 87„  (mean  + s.e.m.)  or  greater 
slum  Id  l>e  obtaiiud  at  a 507,  serum  concentration.  Any  further  reduction  in  C3 
conversion  upon  mixture  of  equal  parts  of  burn  serum  and  PNHS  should  result 
! rom  an  inhibitory  substance  rather  than  from  a deficiency  of  serum  proteins. 

Sera  obtained  from  patients  1 to  5 were  added  in  increasing  concentrations 
(10  ul,  20  111,  and  50  ul)  to  50  ul  of  PNHS.  Tlie  volumes  were  adjusted  to  100  ul 
with  saline,  and  C3  conversion  by  10  mg/ml  of  inulin  was  measured.  Burn  sera 
were  tested  at  times  when  C3  conversion  was  reduced  and  also  when  it  was  normal. 
None  of  tlie  burn  sera  with  normal  C3  conversion  inhibited  C3  conversion  to  any 
extent  when  added  to  PNHS  (Fig. 12),  Tlie  C3  conversion  values  of  the  burn  sera 
prior  to  their  addition  to  PNHS  and  the  days  the  sera  were  collected  are  given 
in  the  figure.  Sera  from  patients  2,3,  and  4 with  reduced  C3  conversion  inhibited 
C3  conversion  when  added  to  PNHS.  TWo  of  the  three  sera  with  reduced  C3  conver- 
sion from  patient  5 also  inhibited  C3  conversion  in  PNHS.  The  third  serum 
obtained  on  day  20  from  this  patient  had  reduced  C3  conversion,  but  did  not 
inhibit  C3  conversion  wlten  added  to  PNHS.  In  addition,  serum  from  patient  1 
wi  til  i-educcd  C3  conversion  did  not  inhibit  C3  conversion  in  PNHS.  Wlien  the  data 
wore  subjeited  to  statistical  analysis  using  the  Student  t test,  the  differ- 
eiici’s  which  were  observed  between  tlie  burn  sera  with  reduced  C3  conversion  and 
(hose  with  noniial  C3  conversion  were  not  found  to  be  significant  by  the  Student 
I test  It  a p valiio  of  li'ss  than  0.05,  In  addition,  tlie  values  obtained 
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C3  conversion  by  inuLin  in  PNHS  stippl<  lonted  witli  increasing 
concentrat ions  of  patients'  sera.  The  values  for  Ci  conversion 
in  the  sera  fron  each  patient  prior  to  their  addition  to 
and  till'  divs  postlnirn  that  the  sera  were  collected  are  given  in 
Llie  fij'.ure.  The  points  represent  moan  values  of  2 to  4 deter- 
minations, and  tlie  vortical  bars  represent  tlie  standard  error 


of  the  mean. 


when  parts  ol'  hum  seniiii  and  I’NHS  were  added  to(>ether  were  iml 


considerably  lower  than  thoae  obtainc;!  when  the  complement  del’icient  normal 
^:erum  was  added  to  PNIIS  (refer  to  F1k.11). 

One  possible  explanation  for  the  lack  of  statistically  significant 
ditferences’  between  burn  sera  with  reduced  versus  normal  C3  conversion  might 
be  tliat  the  inliibitor  of  C3  conversion  was  present  in  a low  concentration  in 
tlie  burn  sera.  An  alternative  hypothesis  was  that  reduction  in  C3  conversion 
by  inulin  in  the  burn  sera  was  caused  by  a deficiency  of  critical  normal 
serum  proteins  required  for  C3  conversion.  To  test  the  former  hypothesis, 
burn  sera  were  fractionated  into  pseudoglobulin  and  euglobulin  with  the  liope 
that  the  inhibitor,  if  present  in  the  sera,  might  be  partitioned  into  one  of 
these  fractions  and  could  thereby  be  concentrated.  Sera  (2  ml)  from  patients 
3,4,  and  5 with  reduced  C3  conversion  which  had  been  found  to  inhibit  C3 
conversion  wlien  added  to  PNHS  (refer  to  Fig. 12)  were  dialyzed  against  0.008M 
EDTA,  pH  5.4  for  18  to  24  hours  at  4c>C.  The  euglobulin  from  each  serum  was 
deposited  by  centrifugation,  and  the  pseudog lobu 1 i n was  removed.  The  euglobulin 
was  waslicd  three  times  with  0.008M  EDTA  and  redissolved  in  0.5  ml  of  O.OIM 
Tris-MCl,  pH  7.4,  containing  0.3M  NaCL.  The  euglobulin  and  pseudoglobulin 
fractions  of  the  sera  were  then  dialyzed  against  O.OIM  phosphate  buffered 
saline  containing  5 x 10-^M  CaCl2  and  1.5  x iO-^M  MgCl2.  PNHS  (2  ml)  were 
fractionated  into  pseudoglobulin  and  euglobulin  fractions  and  dialyzed  as 
de.se ribi-d  above  for  fractionation  of  tiie  burn  sera. 

Un frac t i onated  burn  sera  and  the  pscudoglobulin  and  euglobulin  fractions 
of  the  burn  sera  were  added  in  increasing  concentrations  to  PNHS,  and  C3 
conversion  by  10  mg/ml  of  inulin  was  measured  and  compared  to  C3  conversion 
in  I’NHS  supplemented  with  pseudoglobulin  or  euglobulin  fractionated  from  PNHS. 
Tlie  euglobulin  fractions  of  the  burn  sera  wore  found  to  markedly  inhibit  C3 
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conve>"sion  by  iiiiilin  (Fig.l'i).  Tfic'  oiig lolni  1 i n prepared  I roni  I’NllS  wa.;  also 
t'oimd  (o  inliibit.  Cl  conversion  when  added  to  PNIIS.  The  dilliTence  betwi'en 
inbibition  by  rvoniial  versus  burn  eu>>lobulin  w.is  not  fouiul  lo  be  statistically 
significant  by  the  Student  t test  at  a [)  value  of  loss  than  0.05,  however 
the  burn  euglobulin  was  delinitely  more  inhibitory  than  the  normal  euglobulin. 
1‘seudog  I obii  1 i n prepared  from  either  normal  or  burn  sera  enhanced  C3  conveision 
by  inulin  when  added  to  PNHS.  'Oiese  preliminary  results  suggested  that  a 
euglobulin  factor  or  factors  which  regulate  C3  conversion  in  normal  sertim 
might  be  present  in  an  elevated  concentration  in  the  burn  sera  causing  inhi- 
bit irn  of  Cl  conversion. 

Sera  fn'in  patients  5,  b,  and  7 with  reduced  C3  conversion  were  pooled,  and 
each  [Htoled  serum  was  fractionated  into  psendog lobu 1 in  and  euglobulin  as 
described  above.  lln f rac t iona ted  pooled  sera  and  the  pscudoglobu lin  and  euglob- 
ulin fractions  of  the  pooled  sera  were  added  in  increasing  concentrations  to 
PNllS,  and  C3  conversion  by  10  mg/ml  of  inulin  was  measured  and  compared  to  C3 
conversion  in  PNHS  supplemented  with  pseudoglobulin  or  euglobulin  fractionated 
1 rom  PNHS.  The  euglobulin  fractions  of  the  pooled  burn  sera  inhibited  C3 
conversion  by  inulin  in  PNHS  to  a greater  extent  than  the  euglobulin  fractionated 
from  PNHS  (Fig, 14).  Pseudoglobulin  prepared  from  either  burn  sera  or  PNHS 
enhanced  C3  conversion  when  added  to  PNHS.  Tliese  results  confirmed  our  previous 
data  obtained  using  individual  rather  than  pooled  burn  sera.  The  only  difference 
in  till'  results  was  that  the  un  f rac  t j ona  ted  pooled  burn  sera  did  not  inhibit  C3 
conversion  in  PNHS  Lo  as  great  an  extent  as  the  unfractionated  individual  burn 
sera . 

Tlie  euglobulin  prepared  from  the  pooled  burn  sera  from  patients  6 and  7 
and  the  euglobulin  prepared  from  PNHS  were  further  fractionated  by  TEIAE  cellulose 
cliromtiLography  by  the  method  of  Nilsson  and  Mu  1 ler-Eberhard  (37).  Two  ml  of 


o Pseudoglobulin  fraction 
• Euglobulin  fraction 
A Unfroctionoted  serum 


BURN  FRACTION  ADDED  TO  PNHS  (%) 


Fi.’,.  1).  i:  t lonvnrsion  by  iniilin  in  I’NHS  supplemented  with  unfractionated 

Inirn  si-ra  .uul  tin-  <'uglobulin  or  pseudoglobulin  fractions  of  the 
•sera.  Fi-.ictions  of  sera  from  patients  3,  4,  and  5 were  tested; 

(11  conversion  in  the  sera  prior  to  fractionation  ranged  from  \1% 
to  J47o  (See  Kig.  12).  Tlio  points  represent  mean  values  of  duplicate 
iletenninat ions,  and  the  vortical  bars  represent  the  standard  error 
ol  the  mean. 
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o Pseudoglobulin  fraction 
• Euglobulin  fraction 
A Unfroctionoted  serum 


BURN  FRACTION  ADDED  TO  PNHS  (%) 

Fig.  14.  C3  conversion  by  inulin  in  PNHS  supplemented  with  unfractionated 

burn  sera  and  the  euglobulin  or  pseudoglobulin  fractions  of  pooled 
sera  from  patients  5,  6,  and  7.  Sera  collected  on  tlie  followinj’, 
dates  I fi'r  cho  patients  were  pooled:  Patient  5 - days  14,  20,  and 
; P.itient  b - days  25  and  32;  and  Patient  7 - days  16  and  24. 

Cl  ei>iiver.^  i on  in  the  pooled  burn  sera  prior  to  fractionation  was 
2 3'',  lor  Pit  lent  5,  ITL  lor  Patient  6,  and  237.  for  Patient  7. 

Tlu'  points  r('present  values  of  single  determinations. 
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oacii  wort  ili.iJyzeil  .j^ainsL  0.03M  pliospiia Lf  IjuIIc-l',  pH  H.l  .met 

ap|)lli'cl  to  a 2.5  x 40  cm  column  of  TEAK  e<im' librated  wi  tii  the  same  bullcv. 

A pit  >>r;uliont  eonsisting  of  300  ml  of  0.03M  phospliate  buffer,  pit  8.1  and  150 
ml  of  U.3M  Nali2P04  was  applied,  and  5 ml  fractions  were  collected,  Koui 
peaks  were  eluted,  and  each  was  concentrated  to  0.5  ml  and  dialyzed  .igainst 
O.OlM  phosphate  buffered  saline,  pH  7.0.  A representative  graph  of  the  protein 
elution  is  shown  in  Fig. 15.  Tlio  peaks  consisted  of  the  following  fractions; 

(1)  fractions  20  - 32,  (2)  fractions  50-63,  (3)  fractions  69  - 103,  (4)  frac- 
tions 104  - 120. 

Equal  parts  of  the  TEAE  fractions  of  burn  or  normal  euglobulin  and  PNHS 
wore  added  together,  and  C3  conversion  by  10  mg/ml  of  inulin  after  30  and  60 
minutes  of  incubation  at  37t>C  was  determined.  In  prior  experiments,  C3  con- 
version had  been  mc'asured  only  after  60  minutes  of  incubation  at  37°C.  llie 
unfractionated  burn  euglobulin  inhibited  C3  conversion  in  PNHS  to  a greater 
extent  than  the  normal  euglobulin  (Table  4).  However,  none  of  the  TEAE 
fractions  of  either  the  normal  or  burn  euglobulin  inhibited  C3  conversion  in 
PNHS  at  30  or  60  minutes.  These  results  suggest  that  other  chromatographic 
methods  should  he  tiii-d  for  fractionation  of  the  inhibitory  proteins  from  burn 
and  normal  euglobulin. 

b.  Discussion 

Although  the  results  described  above  do  not  completely  exclude 
the  possibility  that  reduction  in  CJ  conversion  by  inulin  in  the  burn  sera  is 
caused  hv  .i  deficiency  of  critical  normal  serum  proteins  required  for  C3 
(.  onversion,  t hev  provid<>  support  for  the  concept  that  this  complement  abnor- 
iiM  1 L t y is  caused  by  an  elevation  of  a normal  regulatory  protein.  The  protein 
IS  1 euglobulin  and  appears  to  be  present  in  greater  concentration  in  burn 
eiM  th.in  in  norm.i  I ser.'i, 

'llie  re)',u  1 ;i ten'y  protein  is  probably  not  C3b  inactivator  (KJ^F)  which 
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FRACTION  NUMBER 


Fig.  15.  TEAF  chromatography  of  burn  euglobulin.  Two  ml  of  euglobulin 
were  applied  to  a 2.5  x 40  cm  column.  Fractions  were  assayed 


for  optical  density  at  280nM. 


r r 


Tabli  ''4. 

C3  Conversion  by 

Inulin  'a  PNHS 

Sup.  1 eint  11 1 c li  will 

T’KAE  Fractions  of 

Euglobulin  Prepared  from 

Norma  1 

or  Burn  Sera 

keac  t i on 

Source 

Protein 
Concimtrati  on 
of  Fraction 

C3  Conversion 

by  Inulin*^ 

nit;:ture^ 

of 

Rug lobu 1 i n 

mg /ml 

30  minutes 

60  minutes 

I'NHS  alone 

46.4 

a- 

4.0 

71.9 

+ 3.2 

\in  frac  L i (.mated 
eug lobu  1 i n 

Nonna  1 

16.20 

7.7 

+ 

4.2 

26.6 

± 3.4 

Fraction  #1 

0.42 

73.3 

+ 

1.3 

91.6 

+ 3.4 

Fraction  #2 

0.80 

55.0 

+ 

0.60 

81.8 

+ 1.55 

Fraction  #3 

2.85 

55.6 

+ 

3.3 

77.0 

± 3.1 

Fraction  #6 

0.84 

50.2 

+ 

9.7 

65.3 

+ 2.25 

LInftacLionated 
eug  Lobu  lin 

Burn  (Patient  6) 

12.30 

4.8 

+ 

2.0 

4.8 

± 1.0 

Fraction  #1 

0.38 

47.3 

+ 

12,2 

62.6 

+ 3.0 

Fraction  #2 

0.68 

43.2 

+ 

3.85 

67,0 

+ 6.5 

Fraction  #3 

4.00 

44,7 

+ 

3.5 

69.0 

+ 10.3 

Fraction  M 

1.07 

50.2 

+ 

1.5 

72.2 

± 

Unfrac  tionated 
eug  lobu lin 

Burn  (Patient  7) 

10.0 

4.1 

+ 

1.0 

6,9 

± 2.3 

Fraction  #1 

0.26 

61.1 

+ 

4.3 

85.8 

+ 10.  1 

If  let;  on  t/2 

0.  16 

62.0 

+ 

5.3 

83.8 

+ 11.1 

' 1 f um  #3 

1.36 

66.6 

+ 

10.2 

74.6 

+ 4.8 

;■  11  1 i (>a 

0. 18 

65 

+ 

5.8 

78.6 

+ 2.9 

;:i'.KLion  iiuxturos  consistod  of  50  ii  1 of  i^NIIS,  50  ul  of  euglobulin 
( i'ulion,  and  10  ii  I of  imilin  (100  mg/ml).  The  percent  of  C3  conversion 
It  .1  given  time  period  was  determined  by  the  formula  a-  b/a  x 100  wliere 
I w.i:  till'  concentration  of  B antigen  of  C3  at  0 hour  and  b was  the 

e.'iu  entral  ion  of  B antigen  at  30  or  60  minutes. 

I I'  li  wiltie  rc'pre.'H'nts  Llie  mean  + standard  error  of  tlie  moan  of  duplicate 
■ il  l i'  n'l i n.i I i ons  . 
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i ii.u  L I vat  1';.  C II)  thereby  inhibiting  the  amplification  loop  of  the  alternative 
patliwav  fnrmeil  by  the  CJ  convortases,  C3b,  B or  C3b,  B,  P.  Quite  recently  a new 
regulatory  |irotein,  PIH,  has  been  discovered  (38,39).  piH  potentiates  the 
inactivation  of  C3b  by  KAF  and,  in  addition,  directly  inhibits  C3b  and  the 
activity  ol  the  alLernativt!  pathway  convertases  C3b,  B and  C3b,  B, P.  The  protein 
hiis  betui  isolated  from  normal  human  plasma  and  shown  to  be  an  asymmetric 
molecule  with  a molecular  weight  of  300,000  daltons.  The  protein  is  a 
euglobulin  which  is  distinct  from  KAF.  Our  future  studies  will  be  directed 
toward  determining  if  reduction  in  C3  conversion  in  burn  sera  is  caused  by 
an  elevation  of  pIH  or  another  as  yet  undescribed  regulatory  protein  of  the 
alternative  pathway  or  by  a deficiency  of  a protein  or  proteins  required  for 
alternative  pathway  activation. 
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B . Clianges  in  Humoral  Comp»nents  of  Host  Defense  in  P.itients  with 


Non-Burn  Trauma  and  in  Septic  Pationts  without  Traiiin.i 
I . Resu 1 Is 

In  our  previous  published  studies  (8,9),  and  In  the  studies  cited 
in  section  A-1  ol  tliis  report,  patients  witli  burn  injury  were  found  to  have 
multiple  alterations  of  complement  and  immunoglobulins.  Some  of  the  humoral 
alterations  were  demonstrated  in  tiie  burned  patients  during  septic  episodes, 
whereas  other  alterations  were  clearly  unassociated  with  systemic  bacterial 
or  fungal  infection.  The  present  investigation  was  undertaken  to  determine 
if  the  changes  in  complement  components  and  i miminoglobu 1 ins  which  were 
demonstrated  in  septic  and  non-septic  burned  patients  were  unique  to  patients 
with  burn  injury  or  were  also  observed  in  patients  with  non-burn  trauma  or  in 
septic  patients  without  trauma.  It  was  hoped  that  the  information  obtained 
from  the  investigation  would  help  to  establish  the  etiology  of  the  humoral 
alterations  in  the  burned  patients  and  to  provide  new  information  regarding 
the  integrity  of  host  defenses  in  patients  with  non-burn  trauma. 

Levels  and  activities  of  components  of  the  classical  and  alternative 
complement  pathways  were  first  measured  in  the  sera  of  ten  patients  with  blunt 
or  penetrating  abdominal  trauma.  The  setum  .samples  were  obtained  from  the 
patients  witliin  6 hours  following  the  injury.  Pertinent  clinical  information  on 
the  patients  is  given  in  Table  5. 

'Pte  classical  pathway  as  measured  functionally  by  total  hemolytic  comple- 
ii.onl  (CH5Q)  was  reduced  in  the  patients'  sera  (p  < 0.005)  (Fig.  16).  Immuno- 
chcsiiical  levels  of  the  classical  components  Cl  and  C4  were  slightly  decreased 
in  tin-  trauma  sera  in  comparison  to  the  normal  mean  levels  of  these  components, 
howeviT  the  reductions  wore  not  statistically  significant  by  the  Student  t 
test  .It  a p value  of  less  than  0.05.  Tlie  immunochemical  levels  of  C2  and  C3 
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Table  S.  Clinical  Cbarac tori s tics  of  Patients  with  Abdominal  Trauma 


Patient 

no. 


Typo  of 
trauma^ 


1 

P M 

[ 27 

2 

P M 

[ 30 

i 

1 3 

P M 

I 33 

: 4 

B F 

55 

^ 5 

B W 

[ 20 

6 

B K 

[ 19 

! 7 

B M 

1 26 

8 

B F 

[ 17 

9 

B F 

1 19 

10 

B F 

1 18 

3 B = blunt;  P = penetrating. 
M = male;  F = female. 
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Immunochemical  levels  and  functional  activity  of  components  of  the 
classical  complement  patiiway  in  I In'  .ita  of  ten  patients  with 
abdominal  trauma.  The  dots  repr'  ""i  values  lor  <m(  h ),aii.  iii,  ui.l 
tiic  dotted  horizontal  lines  rcpnaa  pi  the  mean  values  lor  l he 
patient  itroup.  The  shaded  areas  represent  the  normal  ranges 
(mean  j_  Sh)  tor  each  determination.  The  solid  horizontal  lines 
tepie.-unt  the  normal  moan  values.  .l.itistical  analysis  was  performed 


hy  till’  Student  L test. 


WiTo  found  Lo  be  nonnal  in  the  sera  from  tfio  trauma  |!..tnnt:  . fie  decrease 
in  a|>|>i‘ared  to  be  related  to  the  level  of  Cf  which  was  iound  lo  he 

significantly  ri'diiced  in  the  patients'  sera  (p  < 0.01). 

Immunochemical  and  functional  activities  of  i omponen I , ol  the  alternative 
pathway  were  also  found  to  be  abnormal  in  the  sera  of  tin  t r luin.i  patiints. 

CJ  conversion  by  CoVF  and  immunochemical  levels  ol  properdin  and  KAK  were 
louiul  to  be  significantly  reduced  in  the  sera  of  the  trauma  patients  (p  <t  0.025) 
(Fig. 17).  C3  conversion  by  inulin  and  factor  B levels  were  found  to  be  nonnal 
in  the  patients'  sera. 

Immunoglobulin  levels  were  also  measured  in  the  sera  from  the  traurtia 
patients.  Levels  of  IgG,  IgA,  and  IgM  were  reduced  in  the  trauma  sera  (Fig. 18). 
However,  the  only  significant  reduction  was  in  the  level  of  IgM  in  the  patients' 
sera  (p  < 0 . 01 ) . 

Levels  and  activities  of  components  of  the  classical  and  alternative 
complement  pathways  were  ne.xt  determined  in  the  sera  of  ten  septic  patients 
without  trauma.  Clinical  information  and  blood  culture  results  on  the  patients 
are  shown  in  Table  6.  In  six  of  the  ten  patients,  serum  samples  and  blood 
cultures  were  obtained  on  the  same  day.  In  the  other  four  patients,  serum 
samples  were  obtained  one  to  three  day.s  after  the  blood  cultures  when  the 
patients  were  still  febrile.  None  of  the  patients  were  hypotensive  at  time 
of  sample  collection,  however  four  of  the  patients  died  of  septic  shock  on  the 
following  day. 

Although  three  of  the  patients  had  decreased  total  hemolytic  complement, 
the  moan  CH-^p  for  1 lu’  patient  group  was  increased  over  the  normal  moan  value 
(Fig.  I'.').  Ki’duction  in  Cllr,Q  in  the  three  pal  ients  (#2,5,8)  may  have  been 
III. Hod  to  their  underlying  diseases  which  were  mvasthenia  gravis,  carcinoma, 
uu!  '..I  s l I'o  i n l os  I i na  1 hli'oiling.  Ttie  decrea.se  in  CH^q  was  not  however,  found 
lo  ho  rel ited  to  the  time  ol  sample  collection.  Tlie  normal  mean  values  for 
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C3  conversion  Factor  KAF  Properdin 
by  B 

Inulin  CoVF 


Immunochemical  levels  and  functional  activity  of  components  of 
the  alternative  complement  pathway  in  the  sera  of  ten  patients 
with  ahdominal  trauma.  The  dots  represent  values  for  each  patifuil, 
aiul  the  dotti'd  horizontal  lines  represent  the  mean  values  for  the 
p.iiii'ul  v,rou|).  I'lio  sliaded  areas  represent  the  normal  ranges 
(mean  + > SD)  lor  each  determination.  The  solid  horizontal  lines 
represent  tlie  normal  mean  values.  Statistical  analysis  was  performed 
by  the  Student  t test. 
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Fig.  18.  Levels  of  IgG,  IgA,  and  IgM  in  tlie  sera  of  ten  patients  witli 

abdominal  trauma.  The  dots  represent  values  for  each  patient,  and 
the  dottiul  hori'^ontal  linos  represent  tlu?  mean  values  for  the  patient 
v’.roup.  The  shaded  areas  represent  the  normal  ranges  (mean  + 2 SD) 
ior  eacli  iletenninution.  The  solid  horizontal  lines  represent  the 
normal  moan  values.  Statistical  analysis  was  performed  by  the 
Student  t test. 
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Table  b. 

Clinical  Characteristics  of  Septic  Medical  Patients  without 

Trauma 

Ltient 
no . 

Sox^ 

Age 

In fee  ting 
Microorganism 

Underlying  Days 

Disease  Post 

b 

infec 

1 

M 

74 

Serratia  marcescens 

chronic  obstructive 
lung  disease 

0 

2 

F 

54 

Klebsiella  pneumoniae 

myasthenia  gravis 

3 

J 

F 

52 

Serratia  marcescens 

organic  brain  syndrome 
with  ruptured  appendix 

3 

4 

M 

73 

Enterobacter  cloacae 

intercerebral  hemorrhage 

0 

5 

M 

62 

Escherichia  coli 

carcinoma  of  lung 

2 

6 

F 

38 

Stapliy lococcus  aureus 

none 

I 

7 

M 

54 

Streptococcus  pneumoniae 

pneumonia 

0 

8 

M 

30 

Escherichia  coli 

chronic  alcoholism  with 
hepatitis,  gastro- 
intestinal bleeding 
with  peritonitis 

0 

9 

M 

60 

Staphylococcus  aureus 

chronic  alcoholism 
with  hepatitis 

0 

10 

F 

39 

Strcptococctis  pneumoniae 

pneumonia 

0 

''  M = male;  F = female. 

Days  post  inlection  iiulicates  the  number  ol  ilays  after  the 
hload  culture  was  obtained  that  tlic  serum  .sample  was  collected. 
Zero  indicates  that  the  enlture  and  senim  sample  wore  obtained 
on  the  same  day. 
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Fig.  n.  Immimoclionn’ cal  levels  and  functinnal  activity  ol  components  of  the 
classical  complement  pathway  in  the  sera  of  ten  septic  non-tranma 
patients.  The  dots  represent  values  for  each  patient,  and  the 
dotted  liorizontal  linos  represent  the  mean  values  for  the  patient 
group.  Tlie  shadeil  areas  rei)rescnt  tlie  nonnal  ranges  (mean  + 2 SD) 
for  each  determination.  The  solid  horizontal  lines  represent  the 
normal  mean  values.  Statistical  analysis  was  performed  by  the 
Sttident  t test. 


inimumic'tu'iiiica  1 levels  of  CI,C4,C2,Ci,  and  C3  in  tlie  paLit'iii  >'roii|)  wc-re 
equivalent  to  the  normal  mean  values  for  these  components. 

(U)nversion  ol  C3  by  iniilin  or  CoVK  was  normal  in  the  se()Lic  non-trauma 
patients  (Fig.  20).  Iimnunochemical  levels  of  factor  B,  KAF,  and  properdin 
wore  normal  or  elevated  in  the  patients'  sera.  These  results  indicated  that 
the  alternative  complement  pathway  was  also  normal  in  the  sera  of  this 
patient  population. 

immunogli>bu 1 in  levels  were  also  measured  in  the  patients'  sera  (Fig. 21). 

The  level  of  IgG  in  the  sera  was  normal,  wlu'reas  the  level  of  IgA  was  markedly 
increased,  Tlie  level  of  IgM  was  significantly  decreased  in  the  sera  of  the 
septic  patients  when  compared  to  normal  values  (p  value  < 0.025). 

2 . Discussion 

Multiple  abnormalities  of  humor.il  components  of  host  defense  have 
been  characteristically  observed  following  burn  injury.  We  previously  deter- 
mined the  temporal  sequence  of  alterations  ol  complement,  immunoglobulins, 
and  opsonic  factors  in  thermally  injured  patients  (7-9).  In  addition,  we 
have  identified  those  humoral  abnormalities  wliich  were  related  to  the  severity 
of  the  burn  injuries  and  those  associated  with  septicemia.  We  hypothesized 
that  the  changes  in  humoral  factors  which  were  unrelated  to  burn  size  might 
not  necessarily  be  a direct  consequence  of  burn  injury  but  might  be  the  result 
of  tr.iuma  in  general.  Moreover,  it  was  of  importance  to  determine  if  comple- 
ment consumption  which  was  found  to  be  assm  iated  with  septicemia  in  the  burned 
patients  was  merely  the  consequence  of  the  infection  per  se  or  resulted  from 
.1  synergistic  effect  between  the  infection  .ind  the  burn  injury. 

Abnormalities  of  both  the  classical  aiul  alternative  complement  pathways 

,i 

well’  lound  to  occur  immediately  following  severe  blunt  or  penetrating  abdominal 
tiMiim.i.  Conversion  of  C3  by  CoVF  which  is  ■>  functional  measurement  of  the 
ilicrnative  p.ithwav  wa.s  rivhiccd  in  the  sera  of  the  trauma  patients,  and 
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C3  conversion  Factor  KAF  Properdin 


by  B 

Inulin  CoVF 


Fig.  20.  Immunochemical  levels  and  functional  activity  of  components  of 
the  alternative  complement  pathway  in  the  sera  of  ten  septic 
non-trauma  patients.  The  dots  represent  values  for  each  patient, 
and  the  dotted  horizontal  lines  represent  the  mean  values  for  the 
patient  group.  The  shaded  areas  represent  the  normal  ranges 
(mean  SD)  for  each  determination.  Tlie  solid  horizontal  lines 
represent  tlie  normal  mean  values.  Statistical  analysis  was 
pertormed  l>y  tlie  Student  t test. 
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I’if'.  21.  Levels  ol  IgO,  IgA,  and  IgM  in  Llic  ,eia  of  ten  septic  non-traiima 
patients.  The  clots  represent  value  for  each  patient,  and  the 
dotted  horizontal  lines  represent  the  mean  values  for  the  patient 
group.  The  shaded  areas  represent  the  normal  ranges  (mean  + 2 SD) 
for  each  determination.  The  solid  horizcjntal  lines  represent  the 
normal  mean  values.  .Statistical  analysis  was  performed  by  the 
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decii’.isc  in  tiu'  Irvc-l  ol  properdin  and  KAF  was  also  demonstrated  in  the 
tranma  sera.  CH130,  a functional  measurement  of  tin'  classical  pathway,  and 
the  imimmocheinica  1 level  of  CS  were  also  decreased.  Conversion  of  C3  by 
imilin  and  levels  of  factor  B,C1,C4, C2,  and  C3  were  found  to  be  normal  in 
the  patients'  sera. 

It  is  unclear  why  C3  conversion  by  CoVF  was  reduced  in  the  trauma  sera, 
whereas  C3  conversion  by  inulin  in  the  sera  was  normal.  C3  conversion  by 
inulin  requires  factors  B,  D,  initiating  factor,  C3,  and  magnesium  ions 
(J7.  18),  and  C3  conversion  by  CoVF  requires  factors  B,  D,  magnesium  ions,  and 
an  additional  euglobulin  termed  factor  E(40).  It  is  possible  that  the  sera 
I rom  the  trauma  patients  was  deficient  in  factor  E in  addition  to  properdin 
and  IO\F.  Further  studies  are  required  to  determine  the  identity  and  signif- 
icance of  deficient  or  abnocn  ly  functioning  alternative  pathway  components 
in  the  sera  from  trauma  patients. 

Redin  tic'n  in  C5  in  the  trauma  sera  could  have  resulted  from  decreased 
KAF.  KAF  inactivates  C3b  which  is  required  for  formation  of  the  alternative 
pathway  C5  convertase,  C3b,  B,  P (18,24).  A decrease  in  KAF  would  cause  an 
increase  in  C3b  which  through  formation  of  the  C5  convertase  would  result  in 
increased  turnover  of  C5.  Activation  of  C5  leads  to  consumption  of  C6  to  C9, 
and  tiierefore  these  components  are  probably  also  reduced  in  the  trauma  sera. 

A decrease  in  serum  IgM  was  also  observed  in  the  trauma  patients.  A 
concummitant  reduction  in  serum  IgM  (41)  and  properdin  (42)  levels  has 
previ  I'us 1 V been  demonstrated  in  sp 1 enec t omi zed  children.  Decrease  in  IgM 
level  in  patients  with  sickle  cell  disease  has  correlated  well  with  splenic 
a I uni  t i on  as  measured  by  spleen  scann i ng (4 3 ) , In  addition,  children  who 
undergo  splenectomy  for  various  hemolytic  diseases  or  for  traumatic  rupture 
ol  the  spleen  have  decreased  IgM  levi'ls,  supporting  the  concept  that  there 
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is  a coriH'lation  between  splenic  mass  and  concentration  of  this  immuno- 
globulin (44).  Tlie  reduction  in  IgM  concentration  does  not  appear  to  be 
the  result  of  decreased  splenic  IgM  syntliesis,  since  IgM  syntl)esis  could 
be  adequately  assumed  by  other  reticuloendothelial  and  lymphoid  tissue.  All 
of  our  patients  liad  splenic  trauma  and  all  of  those  that  survived  subsequently 
undi'rwent  splenectomy.  Thus,  the  decrease  in  IgM  concentration  in  the  sera 
of  our  patients  may  have  been  related  to  spleen  damage.  Our  future  studies 
will  be  designed  to  determine  thi;  correlation  between  spleen  function  and 
IgM  level  in  the  trauma  patients  in  an  attempt  to  determine  the  mechanism  of 
the  reduction  in  tlte  level  of  this  immunog,  lolui  lin.  In  addition,  it  will  be 
o)  interest  to  determine  the  relationsliip  hetween  splenic  function  and 
reduction  in  properdin,  KAF,  and  C5  in  the  trauma  patients. 

Tliere  have  been  virtually  no  investigations  into  the  sequential  effect 
of  trauma  on  humoral  host  defenses.  In  addition,  there  are  few  studies  that 
provide  experimental  evidence  that  trauma  does  indeed  increase  susceptibility 
to  infection.  Conolly  et  al.  found  significantly  more  infections  in  rabbits 
in  lotted  subcutaneously  with  P.  aeruginosa  and  subjected  to  mechanical  trauma 
to  the  thigh  than  control  animals  that  did  not  receive  this  injury  (45). 
Cutlibertson  et  al.  (46)  subjerted  patients  with  bone  fractures  to  varying  degrees 
of  cold  temperature,  20^0  and  30°C  respectively.  Levels  of  IgG  were  the  same 
in  both  groups,  however  some  minor  fluctuations  in  IgM  level  were  observed 
during  ten  days  in  the  group  subjected  to  the  lower  temperature.  Tlie  changes 
were  not  impressive,  since  all  variation;,  were  within  the  normal  range. 

Stiidies  on  the  effects  of  wound  trauma  on  humoral  antibody  responses 
ire  also  limiteil.  Havens  el  al.  (47)  could  detect  no  reduction  in  the  anti- 
body response  to  diphtheria  toxoid  in  shief -negative  wounded  patients.  Balch 
sliowed  tliat  the  secondary  rcs|)onse  to  tetanus  toxoid  was  normal  in  trauma 
pa  1 i en  ts  (48) . 
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Trauma  lias  beun  shown  to  depress  clearance  by  the  reticuloendothelial 
system  (49-54),  |)hagocy tos is  by  neutropliils  (55,56),  and  cell  mediated 
immunity  (57).  lliese  clianges  are  of  short  duration  lasting  during  the  first 
few  days  after  trauma  and  are  followed  by  restoration  of  normal  activity. 

Tlie  cause  and  significance  of  these  cellular  abnormalities  is  unknown. 

It  is  obvious  from  our  pilot  study  demonstrating  changes  in  humoral 
components  of  host  defense  in  trauma  patients  that  further  comprehensive 
studies  on  larger  numbers  of  patients  are  needed.  It  will  be  important  to 
determine  the  cause  and  significance  of  the  humoral  abnormalities  which  occur 
following  trauma  and  to  determine  the  duration  of  the  abnormalities. 

Our  study  did  not  identify  any  reduction  in  components  of  the  classical 
or  alternative  complement  pathways  in  septic  patients  without  trauma, 
suggesting  that  complement  consumption  in  the  septic  burned  patients  was  a 
result  of  synergism  between  the  infection  and  the  trauma.  McCabe  (58) 
previously  showed  tliat  C3  levels  were  decreased  in  medical  patients  with 
septic  shock,  as  compared  to  C3  levels  in  patients  with  uncomplicated 
bacteremia.  I'he  frequency  of  occurrence  of  shock  or  fatal  outcome  paralleled 
the  degree  of  lowering  of  C3  levels  in  the  patients.  Fearon  et  al.  (30) 
subsequently  demonstrated  decreased  immunochemical  levels  of  factor  B,  proper- 
din and  C3,  C5, C6,  and  C9  in  patients  with  septic  shock  in  comparison  to  those 
patients  with  uncomplicated  bacteremia,  suggesting  that  consumption  of  comple- 
ment occurred  via  the  alternative  pathway.  Mean  levels  of  classical  components 
C1.C4,  and  C2  in  the  bacteremic  patients  in  whom  shock  subsequently  developed 
did  not  differ  from  those  in  patients  with  uncomplicated  bacteremia. 

Althoiigji  noiu'  of  our  medical  septic  patients  was  hypotensive  at  the  time 
ol  s.n-um  s.iniple  collection,  4 of  the  10  patients  died  of  septic  shock  on  the 
lollowiip',  ihiy,  and  no  complement  consumption  t/as  demonstrated  in  these 
['Uients.  in  addition,  consumption  of  the  classical  complement  pathway  was 
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demonstrated  in  septic  burned  (>atlcnts  who  were  not  hypotensive  and 
survived.  Tl’.ese  observations  suggest  that  classical  compleiiK'nt  pathway 


consumption  associated  witli  se|)ticemia 
patient  and  is  probably  related  to  tlu? 
circulating  in  tlie  blood  ol  the  burned 


is  unif|ue  to  the  thermally  injured 
iiurreased  nximbcr  of  microorganisms 
pa  t i cuts  . 
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C; . Normal  Human  Serum  Opsonlns  For  Opportunist  Microornani sms 

1 . Studies  to  determino  tlic  mechanisms  c)f  complement  activaLion 
and  the  role  of  immunoglobulin  in  opsonization  of  E.  coil  075 
and  otlier  aerobic  opportunist  microorganisms 
a.  Results 

In  our  previous  studies,  the  classical  complement  pathway  was 
shown  to  he  utilised  exclusively  in  burned  patients  during  opsonization  o£ 

E . c o 1 i 075.  Serum  opsonic  activity  for  E.  coli  075  and  classical  pathway 
activity  were  decreased  concurrently  in  the  burned  patients  during  the  first 
week  postburn,  despite  normal  alternative  pathway  activity  as  measured  by 
CJ  conversion  by  inulin.  This  observation  led  us  to  initiate  studies  to  answer 
two  important  questions  related  to  the  definition  of  serum  proteins  required 
for  opsonization  of  E.  coli  075  and  to  alterations  of  these  humoral  factors 
in  burned  patients.  The  questions  are  as  follows:  (1)  Was  the  classical 

pathway  utilized  in  the  burn  sera  during  opsonization  of  E,  coli  075  because 
the  alternative  pathway  could  not  be  activated,  or  was  the  classical  pathway 
utilized  preferentially?;  (2)  Why  was  the  switch  to  an  apparently  functional 
alternative  pathway  and  thus  normal  opsonization  not  possible,  when  classical 
pathway  activity  was  decreased  in  the  burn  sera? 

Our  initial  experimental  studies  to  answer  these  questions  were  directed 
toward  determining  if  E,  coli  075  was,  in  fact,  capable  of  activating  the 
alternative  complement  pathway.  The  lipopolysaccnaride  (EPS)  portion  of  the 
cell  wall  of  gram-negative  bacilli,  such  as  E,  coli  075,  is  known  to  be 
ri'spi'iis  I b I e for  its  anticomplementary  activity  (59-61).  The  moiety  of  the  EPS 
which  is  responsible  for  complement  activation  is  controversial.  There  is  some 
experimental  evidence  to  indicate  tliat  it  is  the  lipid  A moiety  of  the  EPS 
whi<lt  is  respotts  i b I e Ifir  this  biological  activity  (62,63).  Because  E.  coli  075 
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minht  bo  unit|uo  in  Llio  nu'clianisin  of  comp loinon t activation  it  was  capable  ol 
initiatini-,  wo  also  invosti)',atod  the  abiliiv  of  otiior  rcprosinitat  i vi.  grani- 
nogativo  bacilli  ttnd  a gtani-posi  tivo  opportunist,  S,  aureus,  to  activate  tlio 
alternative  comploincnt  pathway.  In  addition,  wo  included  S and  R fonns  (Rh 
and  Ro)  of  S.  iiiinnosota  containing  varying  atiKuints  of  the  polysaccharide 
portion  of  ttie  LI’S  in  an  attempt  to  determine  the  moiety  of  the  cell  wall  which 
wa.s  rosponsibli'  for  alternative  pathway  activation.  S.  niinnesota  S form 
contains  a complete  bl’S,  the  Rb  mutant  lacks  the  0 antigen  and  acety Iglucosa- 
mine  attached  to  the  terminal  glucose  hut  contains  the  rest  of  the  basal  core, 
and  tlie  Re  mutant  contains  only  KDO  and  lipid  A. 

Washed  heat-killed  cells  of  R.  coli  075,  P.  mirabills  7056,  P.  aeruginosa 
73044,  and  S.  minnosota  chomoLypes  (S,  Rb,  .ind  Re),  and  S.  aureus  502A  were 
tested  for  their  ability  to  activate  the  alternative  complement  pathway.  Intact 
bactiTial  cells  were  lised  rather  than  purili’d  LPS  and  lipid  A in  these  initial 
experiments,  since  there  is  evidence  that  the  method  of  purification  oi  the  cell 
wall  components  may  inflnenco  their  biological  activities  (63).  Parameters  of 
alternative  pathway  activation  were  (a)  conversion  of  C3  in  10  mM  ethylene 
glycol  tetraacetic  acid  (EG'IA) -treated  human  scrum  supplemented  with  2.5  mM 
t-1gCl2,  (b)  lysis  of  glutathione-treated  human  erythrocytes  (GSHE)  in  the 
presence  of  human  serum,  and  (c)  C3  to  C9  consumption  in  C4  deficient  guinea 
pig  scrum. 

I'o  detennine  the  minimal  concentrat ion  of  magnesium  ion  required  to 

.1 1 tern.i L i ve  pathway  activation  in  10  mM  BGTA-treated  normal  human  serum 
' ..  ['GTA-t  leated  si;ium  was  supplement  ud  with  Increasing  concentrations 
= 1 I'.uivirs  i or  by  inulin  and  HSA-anti-BSA  immune  precipitates  was 
nuiew  "f  incubation  at  (7‘’G.  Addition  of  2.5  mM  MgCl2  to 
in  Cl  .-onvi  1 ion  by  Inulin  equal  to  that  in 
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life  rl  conversion  in  this  serum 


(Fig. 22).  EGTA- treatiKl  NILS  siipp IcmenitHi  with  2.5  niM  MgC  1 9 also  did  nnt  iironuUc 
ly.sis  of  sensitized  erythrocytes  (EA)  providing  further  evidence  that  thc' 
classical  complement  patliway  was  effectively  lilocked.  Addition  of  5 or  10 
mM  MgCl?  to  tlie  ECTA-treated  serum  resulted  in  C3  conversion  by  I'oth  inulin 
ai'd  immune  precipitates  and  5 to  207.  lysis  of  EA.  'llierefore,  EGTA-treated  NHS 
supplemented  with  2.5  mM  MgCl2,  hereafter  referred  to  as  EGTA-NHS-Mg^'*',  was 
used  in  suhsecpient  experiments. 

Waslied  cells  of  P.  aeruginosa.  P.  mirabilis,  S.  minnesota  S form.  E.  coli. 
and  S.  aureus  converted  C3  in  untreated  NHS,  although  none  of  the  bacterial 
strains  was  as  active  as  inulin  (Fig. 23).  In  contrast,  S.  minnesota  chemo- 
Lypes  Rb  and  Re  were  less  efficient  than  the  other  bacterial  strains  in  converting 

IC3  in  NHS.  With  the  exception  of  S,  aureus  and  S.  minnesota  Re,  no  statistical 

difference  was  observed  between  conversion  of  C3  by  the  other  bacterial  strains 

I or  inulin  in  EGTA-NHS-Mg^'*'  or  untreated  NHS.  S.  minnesota  Re  did  not  convert 

C3  to  any  extent  in  EGTA-NHS-Mg  , and  C3  conversion  by  S.  aureus  in  this  serum 

! was  significantly  reduced  at  the  60  and  90  minutes  time  intervals  when  compared 

1 

to  C3  conversion  by  this  bacterial  strain  in  untreated  NHS. 

Although  none  of  the  bacterial  strains  was  as  efficient  as  inulin  in 
initiating  lysis  of  GSH  E,  E.  coli  and  P.  mirabilis  were  more  active  than  the 
other  bacterial  strains  in  this  test  system  (Fig.2A).  S.  minnesota  S and  Rb, 

P.  aeruginosa,  and  S.  aureus  wore  intermediate  in  initiation  of  lysis  of  GSH  E, 
and  S.  mi niu'sc'ta  Re  was  inactive  in  the  test  system. 

With  the  exception  of  S.  minnesota  Re,  all  of  the  other  bacterial  strains 

initiated  C3  to  C9  consumption  in  C4  deficient  guinea  pig  serum  (Table  7). 

I 

1:.  coli,  P,  mirabilis,  and  S.  minnesota  S wore  the  most  efficient  activating 
substances  followed  by  P.  aeruginosa,  S.  aureus,  and  S,  minnesota  Rb. 

llu-st'  results  indicated  that  E.  coli  075  and  the  other  gram-negative  aerobic 
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C3  CONVERSION  (units) 


30 


FINAL  CONCENTRATION  OF  MgCl2(mM) 


Fig.  22.  C3  conversion  by  inuiin  (10  mg/ml)  or  immune  precipitates  (25  mg/ml) 
in  10  mW  FXJTA-trcated  NHS  siippleiiK-t,  I ed  with  increasing  concentrations 
of  MgCl2.  The  solid  line  represents  C3  conversion  by  inuiin,  and 
the  dotted  line  represents  C3  conversion  by  immune  precipitates. 

The  vertical  bars  represent  the  ^ i ttu-ird  error  of  the  mean  of  the 
triplicate  determinations.  C3  conv<  ision  in  untreated  NHS  by  inuiin 
was  19  + 3 units  and  hy  immune  precipitates  was  20+2  units. 


/I 


INCUBATION  (min) 

Fig,  23.  C3  conversion  by  inulin  (10  mg/ml)  or  washed  bacterial  cells 

(1.0  X 10^  cells/ml)  during  90  mimitcs  of  incubation.  The  solid 
line  represents  C3  conversion  in  NHS,  and  the  dotted  line  represents 

9 -L 

Ci  conversion  in  NIlS-i;GTA-Mg  . HiG  vertical  bars  represent  tlie 
L.iiulard  error  of  tin?  moan  of  triplicate  determinations.  *p  < 0.01 
vs.  untreated  NHS  at  the  same  time  period.  Statistical  analysis 
was  perConiied  by  the  Student  t test. 
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Fig.  24.  Lysis  of  GSH  E initiated  by  inulin  (10  ing/ml)  or  washed  bacterial 

cells  (1.0  X 10^  cells/ml).  Y/l-Y  of  1.0  corresponds  to  50  percent 
lysis.  Lysis  ii>  t lie  absence  of  an  activating  substance  was  0.041. 
Points  represent  the  average  of  Jij|>licatc  determinations.  Activating 
substances  were  as  follows:  (1)  Imilin,  (2)  E,  coli  075,  (3)  P. 
mi  I .lb  I I i s /05i),  (4)  S.  niiniiesota  Si'  1114  (S),  (5)  S.  mlnnesota  SF 
1127  (Kb),  (b)  I*,  aerie-ui  )s.i  7304-'(,  (7)  S,  aureus  502A,  and 


(8)  S.  iiiinnesota  SF  1 (Ke) . 


Inn lin 

92.05 

E . c o 1 i 075 

82.85 

E.  mirabilis  7056 

76.60 

S.  minnesota  SF  1114 

(S) 

67.90 

P.  aenij'inosa  73044 

55. 15 

S.  minnesota  SF  1127 

(Rb) 

50.0 

S.  aureus  502A 

38.50 

S.  minnesota  SF  1167 

(Re) 

9.50 

Sa lino 

4.50 

'^Mean  values  + the  standard  error  of  tlie  mean  of 
determinations  are  represented. 
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+ 1.15 
+ 1.95 
+ 0.60 
+ 0.10 
+ 2.85 
+ 4.30 
+ 9.6 
+ 1.20 
+ 2.0 


triplicate 


r 


bacilli  wliicli  were  tested  were  capable  of  artivating  tlie  alteriialivt  conipl  emi  n I 
pathway  in  normal  serum.  In  contrast,  S.  aureus  was  less  efficient  in  initiating 
alternative  pathway  activation,  allhough  il  was  very  active  in  initiating  the 
classical  pathway.  Preliminary  results  utilising  cell  wall  mutants  of  S.  minne- 
sota  indicated  that  the  polysaccharide  port’  ni  of  the  cell  wall  of  gram- 
negative  bacilli  was  responsible  for  altein.tive  pathway  activation,  whereas 
the  lipid  A moiety  was  responsible  for  activ  (un  of  the  classical  pathway. 

Thus,  bacilli  with  an  outer  ard  thus  exposed  polysaccharide  cell 

wall  moiety,  such  as  E , c o 1 i 075,  slioold  hi  i[iii)le  of  activating  the  alternative 
pathway  in  either  normal  or  burn  sera.  A iarue  amount  of  immune  IgG  antibodies 
might,  however,  divert  complement  aciiv.ition  i mi  the  alternative  to  the  classi- 
cal pathway  by  virtue  of  the  ability  ol  the  I'libodies  to  bind  to  the  Clq 
portion  of  Cl.  We  hypothesized  that  tlicse*  antibodies  might  exist  naturally 
in  human  sera  or  be  prodticed  as  a ri'sult  ol  il-  administration  of  P.  aeruginosa 
vaccine,  since  all  of  our  burned  patients  bail  lereivcd  llie  vaccine.  The  anti- 
bodii-s  in  addition  to  diverting  ictivatio  . i lassical  pathway  might 

block  activation  of  the  alternative  pathway,  thiieby  explaining  why  opsoni- 
zation of  E.  col i 075  did  not  proceed  normally  in  the  burn  sera  when  classical 
pathway  activity  was  decreased.  Immune  1 1;(;  an  i i bac  ter  i a I antibodies  which 
trigger  classical  pathway  activation  .ire  h-ii  '.ibli-  and  promote  phagocytosis 

and  i ni  raci' 1 lu  l.ir  killing  ol  b.iileria  in  i .nee  of  complement  (26,  27,  6A). 

Wi  therefore  measured  the  te  it  table  . . ■ . aitivily  for  E.  coli  075  of 

pooled  nonna  1 human  seiiin  (I'Nfi.;),  indi  idu.!  n-..i  I .sera,  and  sera  from  burned 

patieiii.i  who  had  reei  i veil  .i  .umpleie  eo.iisi  i.  line  therapy. 

llio  SIMM  wore  healed  at  56‘('  for  10  iniir  and  opsonic  activity  for 

K.  roll  075  at  a 27,  serum  concentration  w.is  ■■  .ured.  This  concentrat  ion  was 


olilized  heciuse  it  was  IT'iind  to  be  th.  mir. 


.im.innt  of  PNH.S  required  to 


promoLf  inaximal  int  raii' 1 I u lar  killing.  I’NHS  linl  no  n-  ulii.  1 ophoni<  aclivilv 
lor  K,  ooli  075  alli-r  licat  tivalincnl  wluni  (.'oiiipa to  nnlicaioil  PNHS  (I’ii;,  <-’5). 

I nc  roas  i tin'  conci  nt  rat  i I'li  ol  hoatt'd  I’NItS  adilcd  to  tin-  o|'sonii-  assays  ilul 
not  snhs  lan  t i a 1 1 y improvo  it-'  opsonic  aitiviiy  (k' i c. . ) . "nii  opsonic  attivilv 

ol  sora  from  lour  tndividti.il  normal  donor'  was  al.-»o  found  to  lu  o I i irii  na  lod  l>v 
Inat  iroalinMit  (Fij;.77).  Iln-  opsonii  at  t i v i t v ol  serial  scrntu  samples  i rom 
four  Inirnetl  ]>ationts  who  liatl  received  .’5  iiy/l-n  til  |’ , <u  rii,;  t no..i  v »t  c i no  it 
admission,  'i  anil  H ilavs  tlierealt.i,  aiul  1 lien  at  we>-i-ly  intervils  was  tested 
hefoie  mil  alter  lieatiiiK.  1‘rioi  to  In  it  tieitmeni,  opsunii  Ktivity  ol  the 
sora  was  eipiivalent  to  the  oiisonic  activit-  ol  the  norina  1 and  no  nsidnal 

opsonic  activity  remaineil  allir  heatiiu;.  Iinsi  re. nits  indii.itod  that  hmit- 
sl  ihle  opsoni-iinv  .intihodie..  lor  K . col  ti/'i  were  not  present  in  I iru'  an’  innt' 
in  the  sera  from  eillier  the  no  nmi  I lontrol  oi  the  v.u  < i iia  t od  patient..  UtlJl 
tSition  of  the  cl  issual  p.ilhw.iy  in  the  hnin  ^eri  dnrinit  opson  i n a t I on  ; ! L . ■ q I i 
07’)  Could  tinrelore  nnl  be  explained  by  Iln  pit  “iii  ol  immniu  an  I i hai  t e i i a I 
intihodie'  ind,  in  l.iet,  wi'  'pns  t i .>ne  , intih'di:  (iliV'd  -inv  role  in  , ain 

.1. It  ion  ol  this  mi  I rnoritan  i sin. 

In  an  atlemtit  to  procide  pro  1 iini  nii  v ml  Min.ition  .'..irdAnn  th<  rec|eir:  n i 

for  imi’umoit  lohn  1 i n in  op.son  i /a  I i on  of  K . coll  ' 75.  we  inltiatid  i xpoi  imi'nt  . 

comp. ire  the  opsonii  ictivity  of  PMUS  nnl  I.  pint  n.m.ift  I obn  1 1 nemlc  sera.  Tl.i  b,p 
/.amni.iv;  lobn  1 i neii'.i  i sera  were  aht. lined  liom  Ihiie  dllteient  donors  anil  lonlained 
minimal  amonni.'-  ol  InG,  1 itA  .ind  li<M  i net  lined  in  tin  leKcnd  lo  Fiy,.  21*. 

Tile  opsonii-  aetivilv  ol  the  hypo>t.irini.u’,  I olm  I i nemic  .era  was  equivalent  to  l he 
opsonii-  aitivity  ol  I'NIIS  (Fin.  2rt).  lliesi  le  nlt.  .snp,yested  a minimal  role,  il 

iny,  Kir  i iiimnnoH  1 olni  1 i n in  ojison  i za  t i on  ol  F . c o 1 i 0/5. 

llio  opsonic  activity  of  highly  purified  norm.il  hnnian  IgG  for  E.  co  1 i 075 
w.is  .il..o  niiMsiired.  Normal  Ip,G  was  piirilied  by  the  method  of  Sober  ct  al.  (65)  . 

and  dialyzed  agaiirst  0.01  M phospha  le-lni  f 1 ered  saline,  pH  7.0.  By  inimunoelec  tro- 
phoretic  analysis  using  anti-whole  human  scrum,  the  preparation  contained  a 
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.ictivilv  I lif.K-d  , I 

K , coll  0 / *> , 'I't  11-  1 o 1 I iiw  1 n ■ ' 1 i'-‘  ‘ 
I’NtlS  infl  h.icti  ri  I,  (J)  N'lii-  ••  •)  I ■ 
cvti’.s  .111(1  bar  I I'l  I .1,  ( 0 i’NllS,  I (.'  , 
(4)/  I’NHS  U)  ini  ) , K' 

soniiii  ( <'iii.i’iU  i .1 1 i -in  u.scd  in  Llic  r 


I nj  1 luiin.in  siTum  (PNIIS)  iiii 
iyUiii's  WITH  tuKtcii:  (1) 

I iiutfri.i,  (3)  PNHS,  louko- 
yiiN,  .iml  b.icteria,  and 
(iM>evt.os,  and  bacteria,  Tlie 
Ill'll  mixtures  was  27,. 
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INCUBATION  (MINUTES) 

'h.  Opsonic  .ictivity  of  i nc  fc.is  i tii?  loncon  t r.i  t i ons  ol  pooloil 

norm.il  luiin.m  '-oi  nin  (I’NHS)  for  K.  coli  07'i.  Tlie  following  reaction 
mixtures  were  '.estocl;  (1)  leukocytes  and  bacteria,  (2)  unheated 
I’NHS  (21),  leukocytes,  and  bacteria,  (i)  27,  I’NHS  (56°C,  30 

minute's),  leukocytes,  and  bacteria,  (^)  57o PNHS,  leukocytes 

and  bacteria,  (S)  107,  _ PNllS,  leeikocytos,  and  bacteria,  (6)  207o 


INCUBATION  (MINUTES) 


Opsonic  nctivitv  oi  ho.itccl  .inJ  iinli.  iii'd  individual  normal  sera 
for  !■: . ci>  1 i 07S.  'Ilic  solid  lino,  i ; losonl  unlioated  sera  and  the 
dotlod  lines  rcprosoni  heate<l  sei  < Ihc  numbers  following  the  lines 
represent  each  normal  individual'  . ,r,hev.  Reaction  mixtures 
consisted  of  serum,  Icukocytis  anu  ba(  teria.  The  serum  concentration 


used  in  all  of  the  reaction  inixtiiii  . was  27.. 


INCUBATION  (MINUTES) 

Fig.  28.  Opsonic  activity  of  liypogammaglobiilinemlc  sera  for  E.  coli  075. 

The  following  reaction  mixtures  were  tested;  (1)  PNHS  and  bacteria. 


{.’1  FNHS.  bacteria,  and  leukocytes,  (3)  Icaikocytes  and  ba(  l<-tia, 

(.i  ■ v,'e.’,.i::ii:a>;  lobu  I i neinic  serum  (HS]^),  leukocytes,  and  bacteria, 

( ')  MS >,  leukocytes,  and  bacteria,  and  (6)  HS^,  leukocytes,  and 
bacteria.  IlSj^  contained  780  ing%  ol  IgG,  < 15  mg7o  of  IgM,  and  < 24  nigX 


ot  IgA. 

HS2  contained  300  rr 

g7„  of 

IgG, 

16  mgZ  of 

IgM, 

and 

< 24  mg% 

ol  IgA. 

HSj  contained  240  rr 

g7.  of 

IgG, 

29  mg7o  of 

IgM, 

and 

24  mg7» 

of  IgA.  ’0)0  ' arum  concentration  used  in  the  reaction  mixtures  was  27,. 
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single  arc  migrating  in  tlie  gamma  region.  By  radi.il  i mmiinodi  1 f us i on,  the 


preparation  was  found  to  contain  10.25  g/lOO  ml  of  IgG;  IgA  and  IgM  wore  unde- 
tectable in  the  preparation.  The  preparation  did  not  promote  phagocy  to.si  s of 
E . c o 1 i 075  by  leukocytes  at  a 10%  concentration  (10.25  mg/assay)  (Fig. 29). 

Tliese  results  provided  further  support  for  the  concept  that  IgG  antibodies 
capable  of  promoting  opsonization  of  E.  coli  075  in  the  absence  of  complement 
were  not  present  in  normal  human  serum. 

In  addition  to  the  studies  described  above,  we  have  continued  our  efforts  to 
obtain  recognized  components  of  the  alternative  complement  pathway  in  purified  form 
from  normal  human  serum.  We  have  successfully  purified  human  C3,  properdin,  and 
factor  B, and  our  efforts  during  this  year  have  focused  upon  obtaining  factor  TT  in 
purified  form.  Now  that  wc  have  shown  that  E . coli  075  and  P.  aeruginosa  73044 
activate  the  alternative  pathway  during  opsonization  and  probably  only  activate 
the  classical  pathway  under  selected  experimental  conditions,  we  plan  to  continue 
with  our  approach  to  define  the  alternative  pathway  proteins  required  for  opson- 
ization by  adding  multiple  combinations  of  purified  proteins  together  and  deter- 
mining the  extent  of  phagocytosis  and  killing  of  the  microorganisms  by  leukocytes. 

Two  different  methods  have  been  used  to  purify  human  factor  D.  The  first 
method  involved  separation  of  pseudoglobulin,  fractionation  on  BioRex  70,  frac- 

I 

! tionation  on  CM  cellulose,  and  gel  filtration  on  Sephadex  G-150  (40),  A second 

method  involved  fractionation  of  pseudoglobulin  on  BioRex  70,  fractionation  on 
CM  cellulose,  and  gel  filtration  on  Sephadex  G-75  (22).  Active  fractions  were 
identified  by  their  ability  to  convert  C3  in  the  presence  of  purified  factor  B 
(66).  Tills  assay  system  was  found  to  be  more  sensitive  than  the  other  method 
which  wc  had  been  using,  i.e.,  restoration  of  the  C3  converting  activity  of 
factor  D depleted  serum.  The  purification  methods  described  above  were  found 
to  be  inadequate  as  low  yields  of  the  protein  were  obtained,  and  the  prepar- 
ations were  contaminated  with  20  or  more  different  proteins.  Purity  of 
the  preparations  was  determined  by  polyacrylamide  disc  gel  electrophoresis. 

i 

1 

J 
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Opsonic  activity  of  purified  normal  human  gamma  globulin  for  E.  coli 
07'i.  The  following  reaction  mixtures  were  tested:  (1)  PNHS  and 

Pacloria,  (2)  leukocytes  and  bacteria,  (3)  PNHS,  bacteria,  and 
li'ukocytes,  and  (4)  normal  gamma  globulin,  bacteria,  and  leukocytes. 
Till-  norm. 1 1 gamma  globulin  was  added  to  the  reaction  mixture  at  a 
concentration  ol  107„  and  contained  10.25  g/100  ml  of  IgG  and  no 


d<- tec  table  IgA  or  IgM. 


6 (\j 


ACKA0«5  109  CINCINNATI  UNIV  OHIO  COtt  OF  MEDICINE  F/6  6/5 

host  defense  A6AINST  OPPORTUNIST  MICR00R6ANISMS  FOLLOWINO  TRAUM— ETC(U) 
JUN  77  A B BJORNSONr  W A ALTEMEIER  OAMD17-76>C-6023 

UMCLASSlFirO  ^ 

OR  2 


J 


A tliird  tiu'tluKl  ol  pur  i I ica t i on  of  factor  D was  louiul  to  bo  nioro  o f / lc 1. 1 vt' 
ttian  eitficr  of  tlie  first  two  methods.  EDTA-treatcd  liuman  serum  was  passed 
over  .1  Sepliadcx  G-75  column  equilibrated  in  0.15  M NaCl,  0,002m  EDTA,  pH  7.3. 
Factor  D,  wiiich  has  a molecular  weight  of  24,000,  was  eluted  at  the  beginning 
of  the  second  protein  peak  (Fig. 30).  The  preparation  was  found  to  be  func- 
tionally active  and,  at  a protein  concentration  of  50  ug,  contained  7 bands 
on  alkaline  polyacrylamide  electrophoresis.  Our  attempts  to  cut  the  acrylamide 
gels  and  elute  the  proteins  to  determine  wb.icli  band  corresponds  to  active 
factor  D have  been  unsuccessful.  I have  wriiien  and  received  information 
from  Dr.  Douglas  Fearon  at  Harvard  Medical  ..  Imol  and  Dr.  Peter  Lachmann 
at  MRC  in  Cambridge  regarding  their  methods  lor  purification  of  factor  D, 

■fliey  have  informed  mo  that  they  also  Itavc  had  great  difficulty  in  purifying 
tliis  protein  and  provided  helpful  suggestions.  The  reasons  for  the  difficulty  in 
purifying  factor  D arc  related  to  (a)  its  low  concentration  in  normal  human 
serum,  (b)  its  affinity  for  chromatographic  lesins  making  it  difficult  to  elute 
in  high  yield,  and  (c)  the  unavailability  of  antiserum  to  factor  D making  assays 
for  its  detection  time  consuming  and  tedious. 

b.  Discussion 

The  data  obtained  from  our  investigation  suggest  that  the 
classical  pathway  was  utilized  in  the  burn  sera  during  opsonization  of  E.  coli 
075  because  alternative  pathway  proteins  required  for  opsonization  of  this 
microorganism  were  not  functioning  properly.  fliis  conclusion  is  based  on  several 
pieces  of  experimental  evidi'nce  as  follows:  (a)  Intact  cells  of  E.  coli  075 

were  found  to  be  capable  of  activating  the  alternative  complement  pathway, 

(b)  Preliminary  experiments  using  S.  mlnnesota  cell  wall  mutants  indicated  that 
'he  polysaccharide  portion  of  the  I Ipopol  y.s.in  haridc  is  responsible  for 


hi 


;i  lieniatlvf  pathway  activation,  whereas  ilu-  lipid  A iitoiciy  i n- ,pon:.  i l>  1 1 lor 
activation  of  the  classical  pathway.  These  results  reepiro  con  Fi  rm.i  I i on. 
utilizing  purified  1 i popol  ysaccharide  and  lipid  A prepared  from  !■; . cell  )7‘). 
However,  they  suggest  that  microorganisms  sucii  as  F..  coli  075  wiili  ct'Sipiete 
polysaccharide  regions  in  their  cell  walls  would  activate  the  alternative  path 
way  under  normal  conditions,  since  this  region  of  the  gram-negative  cell  wall 
is  outermost.  The  lipid  A moiety  is  the  innermost  portion  of  the  lipopolysac- 
cliaride  and  is  located  directly  next  to  the  muco-peptide  layer  of  the  cell 
wall.  Tiic  classical  pathway  would  therefore  not  be  activated  unless  the  cell 
wall  was  altered  in  some  manner  as  to  expose  the  lipid  A or  unless  the  alter- 
native pathway  was  unable  to  be  utilized,  (c)  Heat-stable  immune  IgG  anti- 
bodies to  E.  coli  075  which  would  normally  trigger  classical  pathway  activa- 
tion were  not  demonstrated  in  either  normal  or  burn  sera.  In  fact,  the  data 
.suggest  a minimal  role,  if  any,  for  immunoglobulin  in  opsonization  of  E.  coli 
075.  Tliese  later  observations  confirm  the  results  of  Jasin  who  also  demon- 
strated tliat  opsonization  of  E . coli  075  proceeded  normally  in  immun  ^ • tin 
depleted  human  serum  (31). 

Tlie  tentative  conclusion  that  alternative  pathway  proteins  required  for 
opsonization  of  E.  coli  075  were  abnormal  in  the  burn  sera  requires  confirmation 
by  experimental  studies.  This  possibility  is  extremely  interesting,  however,  in 
liglit  of  our  previous  observation  that  C3  conversion  by  inulin  in  the  burn  sera  was 
normal  when  E.  coli  opsonization  and  classic.il  pathway  activity  were  reduced. 

Imilin  is  a recognized  activator  of  the  aUi-iuitive  pathway,  and  all  of  the 
studios  wliich  arc  currently  .ivailable  on  Liu  proioin  interactions  of  the  alter- 
native uathwjy  have  utilized  zyim'san  or  inutiii  .us  the  activating  substance.  Our 
(l.it.i  would  indicate  that  wlu’n  bacteria,  such  as  E . coli  075,  are  used  as  the 
u- 1 i v.u  i ng  suhstaiices,  the  protein  interaction,  involved  in  alternative  pathway 
.(tivition  may  dilfer  from  ilic  protein  intii  u t^ons  involved  when  inulin  is  used 

• tin  .Jrtiv.iling  .subslaiui’.  Tin  sopjcure  . t.ioguized  protein  interactions 

H') 
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may  be  differont  or  proteins  in  addition  to  factors  B,  D,  and  initiating  factor 
may  be  required  to  generate  an  alternative  patiiway  C'3  convertase  by  tlie  bacteri.i. 
Tliese  possibilities  empiiasize  tlie  importance  of  future  studies  to  determine  the 
identity  and  sequence  of  proteins  required  for  opsonization  of  gram-negative 
aerobes  such  as  E.  coli  075. 

Our  study  also  showed  that  gram-negative  aerobic  bacilli,  in  addition  to 
E . coli  075,  were  capable  of  activating  the  alternalive  patiiway.  Efficient 
alternative  patiiway  activation  was  achieved  utilizing  intact  cells  of  P.  aeru- 
ginosa, P.  mirabilis,  and  S.  minnesota  S form.  S.  aureus,  a microorganism 
whicii  frequently  causes  serious  infections  in  burned  patients,  was  not  found 
to  bo  as  efficient  as  tlie  gram-negative  bacilli  in  activating  the  alternative 
pathway,  although  this  microorganism  appeared  highly  active  in  initiating 
classical  pathway  activation.  The  immunological  specificities  of  S.  aureus 
reside  in  the  polysaccharide  A antigen  which  is  teichoic  acid  composed  of  N- 
acctvl  glucosamine  residues  attached  to  a polyribitol  phosphate  backbone  (67,68). 
Most  strains  of  S.  aureus  also  possess  the  surface  component,  protein  A,  which 
reacts  with  the  Fc  fragments  of  the  IgG  molecules  in  most  mammalian  sera  (69-72), 
Since  isolated  protein  A is  known  to  fix  complement,  the  interaction  of  IgG 
witli  protein  A of  the  cell  wall  of  S.  aureus  may  promote  binding  of  Clq  and 
tiius  preferential  activation  of  the  classical  pathway  (73).  Our  future  studies 
ill  l li  i area  will  be  directed  toward  determining  if  strains  of  gram-negative 
bacilli  isolated  from  burned  patients  activate  the  alternative  pathway  as 
illocti\oly  as  our  test  strains. 

'Ilie  data  obtained  in  tliis  investigation  have  also  aided  in  the  interpreta- 
tion ol  some  oi  our  unexplained  previous  observations  regarding  changes  in 
immoral  I actors  in  burned  patients.  In  this  regard,  inhibition  of  formation  of 
an  alternalive  pathway  Cl  convertase  which  we  have  demonstrated  in  burned 
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It  ltiL.s  nuiy  bt;  of  critical  importance  to  the  patient  if  classical  ri'.- 
...  livily  irf  <.U:crease(l . Out  results  S5igj'_ost  that  oacb  c er  Kr.n'  ). 
ii  iild  ht  hie  to  c jmpeiis.ito  for  tlio  other,  if  eithei  i'  not  lin  .i- 


. "opi  1 Iv.  if  tl'.u  alternative  pathway  is  unable  to  be  activate  J <!u.  . .1 

Liihihitory  factor  and  classical  pathway  components  arc  consuiiieJ  .:,i^i 
ipticonii.i,  then  opsonization  of  the  patient's  seta  for  In's  nfi  tin  iricrj- 
iigart  .m  should  Ite  reduced  if  the  organism  requires  cciii,  loii'tnr  acti'  ion  tot 
soil ' zat  ton.  Our  results  presented  in  section  A1  of  this  repO' 1 pport  th’ 

1 1 1 e s i : ; . 

Another  interesting  possibility  which  is  supported  by  this  investigation 
is  that  tiiere  may  be  more  than  one  way  to  activate  the  classical  pathway.  It 
is  wt,  11  known  tliat  immune  IgG  antibacterial  antibodies  can  bind  the  Clq  portion 
of  Cl  and  thereby  initiate  the  rest  of  the  classical  sequence.  Our  results 
support  the  concept  that  classical  pathway  .ictivation  can  also  occur  in  the 
absence'  of  antibody.  Loos  et  al  (63)  and  qu’te  recently  Morrison  and  Kline  (74) 
have  (irovidf'd  evidence  to  suggest  that  the  1 Li>id  A region  of  the  lipopoly- 
saccharide  molecule  interacts  directly  with  Cl  to  initiate  classical  pathway 
itLvation  by  a mechanism  which  does  not  require  antibody. 


1 


2,  SUkUcs  lo  <k-lerinlnc  tlio  ri^qn  i rcinenC  fiu-  iiiiiimnogliil)u  J 1 n ii.cl 
coiiipLoiiionl:  in  opsonization  of  B.  fra^'ilis 
a . Rosu Its 

In  our  previous  studies,  methodology  was  developed  for  meas- 
uring tlie  in  vitro  interaction  of  human  leukocytes  and  serum  factors  in 
pliagocytos is  and  intracellular  killing  of  gram-negative  non-sporu lating 
anaerobes  (75).  Strains  of  B.  fragilis  subspecies  fragilis  and  thctaiotacj- 
micron  were  shown  to  be  killed  by  human  leukocytes  in  the  presence  of  pooled 
normal  human  serum  (PNllS),  but  not  by  either  leukocytes  or  serum  alone.  The 
present  investigation  was  undertaken  to  define  the  role  of  immunoglobulin  and 
complement  in  phagocytosis  and  intracellular  killing  of  the  B.  fragilis  strains 
bv  leukocytes.  All  of  the  experiments  to  be  described  were  carried  out  under 
anaerobic  conditions  as  previously  detailed  (75). 

In  our  preliminary  experiments,  a standard  anticomplementary  procedure 
(heating  at  56”C  for  30  minutes)  was  used  to  inactivate  complement  in  PNHS . 

In  addition,  hypogammaglobu linemic  sera  from  three  different  donors  were  used 
as  sources  of  immunoglobulin  depleted  sera.  Neither  the  hypogammaglobulinemic 
sera  nor  the  heated  PNHS  supported  phagocytosis  and  intracellular  killing  of 
the  B.  fragilis  strains  (Fig. 31).  In  contrast,  untreated  PNHS  promoted  over  a 
one  log  reduction  in  bacterial  counts  of  both  subspecies  of  B.  fragilis.  Tliese 
results  indicated  that  both  complement  and  immunoglobulin  in  normal  human  serum 
ere  required  for  o[>sonization  of  B.  fragilis  subspecies  fragilis  and  thetaiotao- 
Mi  c ron . 

To  doteniiine  the  participation  of  late-acting  complement  components,  use 
w.i.i  inadi'  oi  C8  tlcficicnt  human  serum  and  C6  deficient  rabbit  serum.  Tlie  opsonic 
ictM'iiy  of  the  C8  clificient  human  serum  was  as  efficient  as  PNHS  (Fig. 32). 

Hie  opumic  .iclivity  of  the  C6  deficient  rabbit  scrum  could  not  be  evaluated. 


Li 
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SUR\/IVIN6  BACTERIA  !CELLS/mD 


ig.  31.  Opsonic  activity  of  human  sera  flepletcd  of  complement  or  immuno- 
globulin for  B.  fragilis  subspecies  fragilis  (#1365)  and  thetaio- 
taomicron  (#1343).  In  the  left  figure,  experiments  were  performed 
using  strain  #1343  and  in  right  figure,  experiments  were  performed 
using  strain  #1365.  The  following  reaction  mixtures  were  tested: 

(1)  pooled  normal  human  serum  (PNllS)  and  bacteria;  (2)  leukocytes 
Hul  bacteria;  (3)  I’NHS,  leukocytes,  and  bacteria;  (4)  heated  PNHS 
(5b'’’C,  30  minutes),  leukocytes,  and  bacteria;  (5)  hypogammaglobu- 
linemic  serum  (HS^),  leukocytes,  and  bacteria;  (6)  HS2,  leukocytes, 
and  bacteria;  (7)  HSj,  leukocyto.-i,  lud  bacteria.  The  hypogammaglo- 
hulinomic  sera  contained  240  to  330  mgit  of  IgG,  16  to  29  mg7„  of  IgM, 
and  less  than  24  mgX  of  IgA.  The  points  represent  mean  values  of 
2 to  5 experiment  .,  and  the  vertitil  bars  represent  the  standard 
error  of  the  mean. 
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SURVIVING  BACTERIA  iCELLS/m!) 


Fig.  32.  Opsonic  nctivity  of  C6  and  C8  deficient  sera  for  B.  fragilis 

subspecies  fragilis  (#1365)  and  the taiotaomicron  (#1343).  In  tlie 
left  figure,  experiments  were  performed  using  strain  #1343  and  in 
the  right  figure  experiments  were  performed  using  strain  #1365. 

The  following  reaction  mixtures  were  tested;  (1)  leukocytes  and 

bacteria;  (2)  PNllS,  leukocytes,  and  bacteria;  (3)  C8  deficient 
human  serum,  leukocytes,  and  bacteria;  (4)  normal  rabbit  serum, 
leukocytes,  and  bacteria;  (5)  C6  deficient  rabbit  serum,  leukocytes, 
and  bacteria.  The  points  represent  mean  values  of  2 to  5 experiments, 
and  vertical  bars  represent  the  standard  error  of  the  mean. 


rr 

( 

tiince  normal  rabbit  serum  Vi/as  also  found  to  bi-  unable  to  nnm.oti.  pli.iiv  ' 

and  killing  of  the  cost  strains.  These  results  indicatiil  iliit  rti  ni'!  ('■•>  wi  i . 

not  required  for  opsonization  of  the  B,  fragilis  strains. 

To  determine  the  participation  of  the  alternative  ctmiplemenl  patliway 
in  opsonization  of  the  bacteria,  the  ability  of  the  strains  to  be  nliagocy tosed 
and  killed  by  leukocytes  in  the  presence  of  sera  depleted  of  components  of  this 
pathway  was  next  investigated.  Human  sera  depleted  of  terminal  com))lement 
components  by  inulin  or  cobra  venom  factor  (CoVF),  recognizetl  activating 
iibstances  of  the  alternative  pathway,  were  unable  to  support  phagocytosis  of 
J’.e  test  strains  (Fig. 33).  The  opsonic  activity  of  C4  deficient  guinea  pig 
serum  was  unable  to  bo  evaluated,  since  the  maximum  reduction  in  bacterial 
counts  in  the  presence  of  normal  or  C4  deficient  sera  was  only  0.5  log.  PNHS 
depleted  of  C3  by  treatment  w'  0.15M  hydrazine  at  37®C  for  60  minutes  (R3) 
was  also  unable  to  effect  onize  the  test  strains  (Fig. 34).  In  addition, 

the  opsonic  activity  of  is  markedly  reduced  by  heat  treatment  at  50”C 

for  30  minutes  which  removes  lactor  B (kli)  and  by  depleting  the  serum  of  factor 
D by  molecular  sieve  chromatography  on  Sephadtx  0-75  (RD) . The  only  differences 
between  the  opsonic  requirements  of  the  two  subspecies  were  observed  when  the 
opsonic  activity  of  properdin  depleted  serum  (RP)  was  tested,  PNHS  was  depleted 
of  properdin  by  treatment  with  zymosan  at  17*^0  in  the  presence  of  magnesium  ions, 
llie  opsonic  activity  of  RP  for  the  subspecies  fragilis  was  equivalent  to  the 
,'psonic  activity  of  PNHS.  Tlie  kinetics  of  opsonization  of  the  subspecies 
■ t a if.tdomicron  by  RP  was  maikedly  decreased,  and  a significant  reduction  in 
luuterial  counts  was  only  observed  after  3 hoviis  ol  incubation.  The  results 
. I dc,'  indirect  evidence  to  indicute  an  absolute  requirement  for  C3  and 
. 1.  UU-.  B ami  I)  lor  opsonization  ol  both  B.  fragilis  strains  and  a partial 

I'lremenL  lor  properdin  for  opsonization  ol  the  subspecies  thotaiotaomicron, 
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Fig,  33.  Participation  of  the  alternative  complement  pathway  in  opsonization 
of  B.  fragilis  subspecies  (#1365)  and  thetaiotaomicron  (#1343). 

In  the  left  figure,  experiments  were  performed  using  strain  #1343 
and  in  right  figure,  experiments  were  performed  using  strain  #1365. 
The  following  reaction  mixtures  were  tested:  (1)  normal  guinea  pig 

senim,  leukocytes,  and  bacteria;  (2)  C4  deficient  guinea  pig  serum, 
leukocytes,  and  bacteria;  (3)  PNHS,  leukocytes,  and  bacteria;  (4) 
PNHS  treated  with  10  mg/ml  of  inulin  (37°C,  60  minutes),  leukocytes, 
and  bacteria;  (5)  PNH3  treated  with  10  units  per  ml  of  CoVF  (3?oc, 

60  minutes),  leukocytes,  and  bacteria.  The  points  represent  mean 
values  of  2 to  5 experiments,  and  the  vertical  bars  represent  the 


standard  error  of  the  mean. 


SURVIVING  BACTERIA  (CELLS/ m!) 


Fig.  34.  Opsonic  activity  of  PNHS  depleted  of  alternative  pathway  components  j 

for  B.  fragilis  subspecies  fragilis  (#1365)  and  thetaiotaomicron 
(#1343).  In  the  left  figure,  experiments  were  performed  using  strain 

J 

#1343  and  in  the  right  figure,  experiments  were  performed  using  strain 
y^l365.  The  following  reaction  mixtures  were  tested:  (1)  PNHS,  leuko- 
cytes, and  hacleria;  (2)  R3,  leukocytes,  and  bacteria;  (3)  RD,  Icuko-  , 

cytcH,  and  bacteria;  (4)  RB,  leukocytes,  and  bacteria;  (5)  RP,  ; 

leukocytes  and  bacteria.  The  points  represent  mean  values  of  2 to 
5 experiments,  ami  the  vertical  bars  represent  the  standard  error  of 
the  mean. 

J 
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but  not  for  opsonization  of  the  subspecies  fragllis. 


Since  heat  treatment  at  50t>C  for  30  minutes  is  known  to  inactivate  C2 
as  well  as  factor  B,  heated  serum  was  supplemented  with  purified  human  C2  or 
Cactor  B and  opsonic  activity  was  determined.  Addition  of  two  diffenni 
preparations  of  purified  human  C2  to  heated  PNHS  at  a concentration  wliiili  lias 
been  sliown  to  restore  hemolytic  activity  to  normal  did  not  substantially  increase 
its  opsonic  activity  for  the  bacterial  strains  (Fig. 35).  Opsonic  activity  of 
the  heated  serum  was  fully  restored  to  normal  by  physiological  concentrations 
of  two  different  preparations  of  purified  human  factor  B (FB]^  and  FB2).  Tliese 
results  indicate  a requirement  for  factor  B for  opsonization  of  the  B.  fragilis 
strains. 

b.  Discussion 

In  the  present  investigation,  evidence  was  provided  to  indicate 
a requirement  for  immunoglobulin  and  components  of  the  alternative  complement 
pathway  in  normal  human  serum  for  opsonization  of  B.  fragilis  subspecies 
fragilis  and  thetaiotaomicron.  This  represents  a totally  new  observation,  since 
there  is  currently  no  literature  available  regarding  the  definition  of  serum 
proteins  required  for  opsonization  of  the  gram-negative  non-sporulating  anaerobes. 

Tlie  experimental  data  in  support  of  this  preliminary  conclusion  are  as 
follows:  (a)  Human  sera  depleted  of  inununoglobulin,  C3,  factors  B or  11  or  ter- 

minal complement  components  C3  to  C9  did  not  support  piiagocytosis  and  intra- 
cellular killing  of  the  microorganisms  by  normal  human  leukocytes.  (b)  Tlie 
opsonic  activity  of  human  serum  heated  at  50°C  for  30  minutes  for  the  B.  fragilis 
strains  was  restored  to  normal  by  highly  purified  factor  B,  but  not  by  human 
02,  the  component  of  the  classical  pathway  which  is  labile  at  50^0.  (c)  Proper- 

din depleted  human  serum  supported  normal  phagocytosis  of  the  B.  fragilis 
fvigilis  and  only  partially  supported  phagocytosis  of  the  subspecies  thetaiotao- 
ir.i  ron,  suggesting  participation  but  not  an  absolute  requirement  for  properdin 
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Fig.  35.  Restoration  of  the  opsonic  activity  of  heated  PNHS  b/  purified 
factor  B.  In  the  left  figure,  experiments  were  performed  using 
strain  #1343  and  in  the  right  figure,  experiments  were  performed 
using  strain  #1365.  The  following  reaction  mixtures  were  tested. 
(1)  PNHS,  leukocytes,  and  bacteria;  (2)__^PNHS  (50°C,  30  min.), 
leukocytes,  and  bacteria;  (3)^11.  PNHS  sui>plemented  with  30  jug/nil  of 
FBj,  leukocytes  and  bacteria;  (4)  _1  I’NIIS  supplemented  with  42  ug/ml 
of  FB2,  leukocytes  and  bacteria;  (5)  A PNHS  ^iuppIemented  with  100 
nil  i I /ill  I III  I iiiilnii  yl  IIS,  illld  lull  I ■ I I I , t li  ) /',  I'NIti  .-iilpp  I I'lllelll  eil 

villi  I ( in  I II  I i ( q /'iM  I 1*1  ^ , I *»  I 1 1 • M I * « . ^ Ml*  I I*  I * ' I I ;|  , III!'  I M • I M I ' t 

r<‘|)rc!St*nt  inc.in  v^iliu's  of  \ ti*  imm  ois,  .ind  llii?  v<*rtiivil  l»;jrs 

represent  Llio  stdrulard  error  ol  the  m*  .m . 
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loi:  opsonization  of  the  thetaiotaomicron  subspecies.  This  observation  is  not 


surprising,  since  C3  conversion  and  thus  presumably  opsonization  can  occur 
in  the  absence  of  properdin.  Hie  function  ol  properdin  is  to  stabilize  the 
C3  convertase,  C3b,  B formed  by  tlie  feedback  mechanism  involving  facLors  B,  D, 
and  C3b  (Refer  to  Fig.l). 

In  our  investigation,  immunoglobulin  in  addition  to  coni|>ononts  of  the 
alternative  complement  pathway  was  found  to  b'  i..c|uired  for  opsonization  of 
the  B.  fragilis  strains.  Available  inConiiat  i .ju  regarding  tiie  role  of  immuno- 
globulin in  opsonization  of  microorganisms  is  controversial.  Antibody  of  the 
IgG  class,  in  addition  to  components  of  the  alternative  complement  patliway, 
has  been  shown  to  participate  in  opsonization  of  P.  aeruginosa  (26, 27)  and 
Streptococcus  pneumoniae  (28).  In  contrast,  opsonization  of  strains  of  E.  coli 
(31),  S.  epidermidis,  S.  aureus.  S.  marcescens.  S.  viridans.  and  S.  faecalls 
(76)  has  been  shown  to  proceed  normally  in  hypogammaglobu linemic  sera. 

The  question  of  the  role  of  immunoglobulin  in  activation  of  tiie  alternative 
pathway  is  also  unanswered.  Available  evidence  indicates  that  activation  by 
inulin  or  zymosan  occurs  in  the  absence  of  immunoglobulin  (18).  In  addition, 
lysis  of  Trypanosoma  eye  lops  (77)  and  rabbit  erythrocytes  (78)  by  normal  human 
serum  has  been  shown  to  require  activation  of  the  alternative  pathway  without 
an  apparent  requirement  for  convetitional  antib.  dies.  On  the  other  hand,  anti- 
body of  the  IgG  class  has  been  shown  to  panic  i ('•'to  in  alternative  pathway 
mediated  lysis  of  measles  virus  infected  cell  ■ {/'■))  as  well  as  in  opsonization 
of  bacteria  as  described  above. 

Since  complement  activation  is  required  i(^r  opsonization  of  bacteria,  one 
■ 'f  Ltie  most  important  questions  in  this  researcli  urea  remaining  to  be  answered 
is  whether  immunoglobulin  is  required  directly  lor  activation  of  the  alternative 
j-.Jlhway  or  for  binding  »>f  the  bacterium  to  m i-iors  on  the  leukocyte  coll 
incinhrane  surface.  The  exi>eriment.i  I dc.j;;n  i ■ , . j-.nowal  application  will 


include  a comprehensive  study  focused  on  answering  this  as  yet  unritsolved 
issue. 

Tlie  results  of  our  investigation  indicate  that  tlie  Ininian  serum  proteins 
required  for  opsonization  of  B.  fragilis  sul)species  fragilis  an<I  tlietaiotao- 
micron  were  similar  if  not  identical.  Tliis  finding  raises  the  question  is  to 
the  importance  of  the  polysaccharide  capsule  to  tlie  virulence  of  B . fragi 1 i s . 
Kasper  has  suggested  that  the  polysaccharide  capsule  found  almost  exclusively 
on  the  fragilis  subspecies  may  act  as  an  antiphagocytic  agent  (80).  Our 
results  would  tend  to  support  the  thesis  that  the  antiphagocytic  cell  surface 
component  is  not  unique  to  the  subspecies  fragilis  and  probably  may  not  be 
the  primary  virulence  factor  of  this  microorganism.  Alternatively,  our  strain 
of  B.  fragilis  subspecies  thetaiotaomicron  may  be  encapsulated  although  this 
possibility  is  considered  unlikely,  since  Kasper  has  only  found  one  of  the 
Several  strains  of  these  subspecies  to  be  encapsulated.  Our  future  studies 
will  attempt  to  examine  the  opsonic  requirements  for  additional  strains  of 
B.  fragilis  subspecies  fragilis  and  thetaiotaomicron.  Of  additional  importance 
will  be  to  examine  the  interaction  of  human  serum  and  leukocytes  with  strains 
of  B.  fragilis  vulgatus  and  distasonis,  since  none  of  these  strains  has  been 
shown  to  contain  capsular  material. 
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V.  CONCLUSIONS 


A.  Consumption  of  components  of  the  classical  complement  pathway  was 
associated  with  and  was  probably  caused  by  septicemia  in  tliermally  injurctl 
patients . 

B.  Decreased  classical  pathway  activity  was  demonstrated  durinft  the  lirsc 
week  postburn  in  all  burned  patients  who  subsequently  developed  septicemia. 

C.  C3  conversion  via  the  alternative  path'./ay  was  alsi>  reduced  in  some 
of  the  burned  patients  during  septic  episodes  ..u  i appeared  to  be  due  to  iniii- 
bition  rather  than  to  consumption  of  proteins  required  for  C3  conversion. 

D.  In  one  patient,  consumption  of  compoii..,its  ol  the  classical  complement 
pathway  occurring  during  septicemia  decreased  i m opsonic  capacity  of  the 
patient's  sera  for  her  own  infecting  microorganism,  an  isolate  of  E.  coli. 

In  the  other  patients,  consumption  of  classical  pathway  components  did  not 
reduce  the  opsonic  capacity  of  the  patients'  .sera  for  their  infecting  strains 
all  of  which,  with  one  exception,  were  s taphy lot dcc i . 

E.  All  of  the  microorganisms  isolated  from  the  burned  patients  were  not 
susceptible  to  complement  mediated  lysis  and  were  phagocytosed  and  killed  intra- 
cellularly  by  human  leukocytes  only  in  the  presence  of  human  serum.  Tiie  only 
exception  were  the  C.  albicans  strains  isolated  from  the  burned  patients  which 
were  not  phagocytosed  and  killed  Intracel lularly  by  leukocytes  even  in  the 
presence  of  high  concentrations  of  normal  human  scrum. 

F.  Preliminary  evidence  was  provided  to  suggest  that  reduction  in  C3 
conversion  via  the  alternative  pathway  occurring  in  burned  patients  during  the 
teiith  to  60th  postburn  days  was  caused  by  elevation  of  a normal  regulatory 
protein  of  the  complement  system. 
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G.  Abnormalities  of  both  the  alternative  and  classical  complement  path- 
ways and  of  im/ti'anoglobulin  M were  found  to  occur  immediately  following  severe 
blunt,  or  penetrating  abdominal  trauma. 

H.  No  reduction  in  immunochemical  levels  or  functional  activity  ol 
components  of  the  classical  or  alternative  complement  pathways  or  of  immuiu<- 
globulins  were  demonstrated  in  septic  patients  without  trauma,  suggesting  that 
ci'inplement  consumption  in  tlie  septic  burned  patients  was  a result  ol  synergism 
between  the  infection  and  the  trauma. 

I.  Intact  cells  of  E.  coli  075,  wild-type  S.  minnesota,  and  clinical 
isolates  of  P.  aeruginosa  and  P.  mirabilis,  were  found  to  be  capable  of 
elficiently  activating  the  alternative  complement  pathway.  S.  aureus  was  less 
efficient  in  activating  the  alternative  pathway,  althougii  tltis  microorganism 
was  highly  active  in  initiating  classical  pathway  activation. 

J.  Utilizing  washed  cells  of  S.  minnesota  cell  wall  mutants,  the 
polysaccharide  portion  of  the  lipopolysaccharide  was  shown  to  be  responsible 
for  alternative  pathway  activation,  whe  eas  the  lipid  A moiety  was  responsible 
for  activation  of  the  classical  pathway. 

K.  Factor  D was  obtained  from  normal  human  serum  in  partially  purified 

I o rm . 

h.  Heat-stable  immune  IgG  antibodies  to  E.  coli  075  were  not  demonstrated 
in  either  normal  or  burn  sera,  and  opsonization  of  E.  coli  075  was  shown  to 
proceed  normally  in  immunoglobulin  depleted  sera. 

M.  Immunoglobulin  and  components  of  the  alternative  complement  pathway  in 
normal  human  serum  were  shown  to  be  required  for  pliagocy tosi s and  intracellular 
killing  of  B,  fragilis  subspecies  fragilis  and  thetaiotaomicron  by  human  periph- 
eral leukocytes. 
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